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Sir: 

I, Karen G. Carrasquillo, Ph.D. hereby declare as follows: 

1 . During the time period from Feb 2001 to June 2002, 1 was employed as a Research 
Fellow in the laboratory of Dr. Anthony P. Adamis at the Massachusetts Eye and Ear 
Infirmary, Boston, Massachusetts ("MEEI"). 

2. During the period of my employment at the MEEI, I conducted research on, among other 
things, the transcleral delivery of an anti-Vascular Endothelial Growth Factor (VEGF) 
aptamer known as EYE001 into a mammalian eye. Some of my research at the MEEI 
was published in a paper entitled "Controlled Delivery of the Anti-VEGF Aptamer 
EYE001 with Poly(lactic-co-glycolic) Acid Microspheres" in Carrasquillo et al. (2003) 
Invest. Ophthalmol. Vis. Res. 44: 290-299, a copy of which is attached behind Tab A. 

3. I understand that Anthony P. Adamis, M.D., Evangelos S. Gragoudas, M.D., and Joan W. 
Miller, M.D. are named as co-inventors of the subject matter being claimed in the above- 
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identified patent application. I understand that the MERI is owner of this patent 
application. 

4. I am familiar with the pending patent application, the pending claims, and the outstanding 
Office Action. J am providing the following information about an in vivo study I 
performed while at the MEEI that demonstrates that a nucleic acid molecule known as 
EYE-001 - an anti-VEGF aptamer - can traverse the sclera and impart a biological effect 
in a mammalian eye, for example, reduce leakage from blood vessels in the interior of a 
mammalian eye. 

5. Materials and Methods 

5.1. EYE-001 aptamer was encapsulated within poly(lactic-co-glycolic) acid (PLGA) 

microspheres using an oil-in-oil solvent evaporation process. Briefly, 25-30 mg of 
lyophilized EYE001 were suspended by homogenization in a 2 mL solution of PLGA 
(200 mg) dissolved in methylene chloride. Two mL of the coacervating agent 
poly(dimethylsiloxane) were added to the suspension at a rate of 2 mL/min and 
homogenized for 1 minute at a rate 2,000 rpm. The resulting oil-in-oil suspension was 
added to 50 mL of heptane under constant agitation and stirred for 3 hours to allow 
microsphere hardening and methylene chloride evaporation. Microspheres were collected 
by filtration and lyophilized for 24-48 hours for further methylene chloride evaporation. 
Microspheres were stored at -20° C until use. 

5.2 The resulting EYE-001 aptamer containing microspheres were packed into a 

polypropylene chamber. Cyanoacrylate glue was placed on the border of the chamber and 
the chamber was adhered onto the left eyes (OS) of dutch-belted rabbits at a location 
about 5 mm away from the limbus of each eye. The PLGA of the packed microspheres, 
when in fluid communication with the highly hydrated sclera, degraded to release the 
nucleic acid aptamer from the microspheres. The released nucleic acid aptamer could 
then contact and pass through the sclera. The right eyes of each rabbit (OD) were used as 
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a control (i.e., no EYE-001 aptamer). The devices, once attached to each left eye, were 
left in place for one or two weeks. 

5.3 The day before analysis, each eye received an intravitreal injection of I jig/mL of VEGF 
(R&D Systems) to trigger vascular permeability of the blood vessels within the eye. On 
the day of analysis, the rabbit femoral vein was cannulated with a 24 gauge catheter and 
Evans Blue dye was infused into the bloodstream over 10 seconds at a dosage of 
45mg/kg. After 4 hours circulation time, the chest cavity was opened and the animals 
were perfused through the left ventricle at 37'C with 400 mL of citrate buffer (0.05M, pH 
3.5) and subsequently with 500 mL of citrate-buffered paraformaldehyde (1% wt/vol, pH 
3.5, Sigma). Immediately after perfusion (physiological pressure of 120 mm Hg), both 
eyes were enucleated and bisected at the equator. The retinas then were carefully 
dissected away under the operating microscope and thoroughly dried in a Speed- Vac for 4 
hours. After measurement of the retinal dry weight, the Evans Blue dye was extracted by 
incubating each retina in 200 |iL of formamide (Sigma) for 1 8 hours at 70°C, The extract 
was ultra-centrifuged (IEC Micromax RF) through Ultra free-MC tubes (30,000 NMWL 
Filter Unit, Millipore) at a speed of 6,000 rpm for 2 hours at 4°C. At exactly 2 hours after 
infusion of Evans Blue dye, immediately before the beginning of the perfusion, 1 mL of 
blood was drawn from the left ventricle to obtain the final concentration of Evans Blue 
dye. Sixty |iL of the tissue-extracted Evans Blue dye supernatant and plasma-collected 
Evans Blue dye were used for triplicate spectrophotometric measurements. A 
background-subtracted absorbance was determined by measuring each sample at both 620 
nm (the absorbance maximum for Evans Blue dye) and 740 nm (the absorbance minimum 
for Evans Blue dye). The concentration of the dye in the extracts was calculated from a 
standard curve of Evans Blue dye in formamide. 

6. Results and Discussion 



6.1 



The results are summarized in Figure 1, where the values presented are the average result 
of 6 different experiments (n=6). The standard error = oNn where c is the standard 
deviation of the original distribution and is the square root of the sample size. 
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Figure 1 
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6.2 As shown in Figure 1 , the % leakage of Evans Blue dye in the control eyes after one and 
two weeks was 23% and 34%, respectively. However, when the EYE-001 aptamer was 
administered transcleral ly, the % leakage of Evans Blue dye after one and two weeks was 
reduced to 12.5% and 17%, respectively. At both the one and two week time points, the 
transcleral delivery of the EYE-001 aptamer reduced blood vessel leakage by about 50%. 
The results demonstrate that the EYE-001 aptamer, when delivered transcleral ly, can 
exert a biological effect in vivo by reducing, for example, the leakage from blood vessels 
within the eye. 

6.3 In this experiment, the aptamer was encapsulated into PLGA microspheres merely to 
provide sustained delivery of the EYE-001 aptamer to the surface of the eye. I do not 
believe that encapsulation was necessary to facilitate delivery of the nucleic acid through 
the sclera. 
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I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under 1 8 U.S.C. § ! 00 1 and that 
such willful false statements may jeopardize the validity of this application or any patent 
issuing therefrom. 
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Controlled Delivery of the Anti-VEGF Aptamer EYE001 
with Poly(lactic-co-glycolic)Acid Microspheres 

Karen G Carrasquillo, 1 Joseph A. Richer, 2 Ioannis K. Rigas, 1 Joan W. Miller, 1 
Evangelos S. Gragoudas, 1 and Anthony P. Adamis 1 



Purpose. To develop a controlled-drug delivery system for the 
long-term inhibition of vascular endothelial growth factor 
(VEGF) and its mediated responses. 

Methods. Poly(lactic-co-glycolic)acid (PLGA) microspheres 
containing anti-VEGF RNA aptamer (EYE001) formulations in 
the solid-state were developed by an oil-in-oil solvent evapora- 
tion process. In vitro experiments were performed to charac- 
terize the release profiles. Stability and bioactivity of the re- 
leased drug were assayed by monitoring the RNA aptamer's 
ability to inhibit VEGF-induced cell proliferation in human 
umbilical vein endothelial cells (HUVECs). Cell proliferation 
experiments were conducted with aptamer aliquots collected 
after short-, mid-, and long-term release time points. To inves- 
tigate the feasibility of this polymer device as a potential trans- 
scleral delivery device, an in vitro apparatus was developed to 
assess polymer hydration and degradation through rabbit sclera 
and subsequent delivery through it. 

Results. PLGA microspheres were able to deliver EYE001 in a 
sustained manner, with an average rate of 2 pig/d over a period 
of 20 days. Solid-state stabilization of the aptamer with disac- 
charide trehalose before lyophilization and encapsulation in 
PLGA rendered the drug more stable after release. Cell prolif- 
eration experiments demonstrated that the bioactivity of the 
aptamer was preserved after release, as indicated by inhibition 
of endothelial cell proliferation after incubation with VEGF. 
Microspheres packed into a sealed chamber and placed onto 
the "orbital" part of a rabbit sclera for a period of 6 days 
became hydrated and started to degrade, as shown by scanning 
electron microscopy (SEM). As a result, the aptamer was de- 
livered from the microspheres through the sclera, as deter- 
mined spectrophotometrically. 

Conclusions. The loading of aptamer-containing microspheres 
into a device and placing it on the orbital surface of the sclera 
was assessed and shown to be feasible. RNA aptamer EYE001 
encapsulated in PLGA was delivered over a period of 20 days 
with retained activity. This method represents a promising 
approach for the transscleral delivery of drugs and the treat- 



From the ! Angiogenesis and Retina Research Laboratory, Depart- 
ment of Ophthalmology, Massachusetts Eye and Ear Infirmary, Harvard 
Medical School, Boston, Massachusetts; and the 2 Electron Microscopy 
Laboratory, Draper Laboratories, Cambridge, Massachusetts. 

Supported by Eyetech Pharmaceuticals (APA), the Roberta W. 
Siegel Fund (APA), National Eye Institute Grants EY1261 1 and EY1 1627 
(APA), the Juvenile Diabetes Foundation (APA), the Falk Foundation 
(APA), and the Iaccoca Foundation (APA). 

Submitted for publication November 19, 2001; revised May 17, 
2002; accepted June 18, 2002. 

Commercial relationships policy: F (KGC, IKR, APA); P (JWM, 
ESG, APA); C (APA); N GAR). 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be marked "advertise- 
ment" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 

Corresponding author: Anthony P. Adamis, Massachusetts Eye 
and Ear Infirmary, 325 Cambridge Street, Boston, MA 02114; 
tony_adamis@meei.harvard.edu. 



ment of choroidal and retinal diseases. (Invest Ophthalmol Vis 
Set 2003;44:290-299) DOI:10.1l67/iovs.01-1156 

Vascular endothelial growth factor (VEGF) has been identi- 
fied as a key positive regulator of angiogenesis. 1 It acts as 
an endothelial cell mitogen and chemoattractant in vitro 2,3 and 
induces vascular permeability and angiogenesis in vivo. 2,3 Ele- 
vated VEGF expression is correlated with several forms of 
ocular neovascularization that often lead to severe vision loss, 
including diabetic retinopathy, 4 retinopathy of prematurity, 5 
and macular degeneration. 6 Thus, agents that specifically in- 
hibit VEGF may have great utility in combating a variety of 
human diseases for which few effective treatments are pres- 
ently available, 7 

Recently, a method used to isolate oligonucleotide ligands 
(aptamers) from libraries of RNA, DNA, or modified nucleic 
acids that bind with high affinity and specificity to various 
molecular targets, including proteins and peptides, has been 
described. 7 In particular, an RNA-based aptamer has been de- 
veloped with high affinity toward VEGF 165 . a After being iso- 
lated and determined to bind specifically to VEGF l65 , RNA 
aptamer EYE001 (formerly referred to as NX1838) was further 
modified chemically to render it nuclease-resistant and ther- 
mally more stable, thus enhancing its potential for therapeutic 
utility. 7,8 The promising results displayed by the aptamer's 
biological response both in vitro and in vivo against diseases 
associated with the growth of new blood vessels or angiogen- 
esis, especially those threatening to vision, suggest that it has 
excellent potential as a therapeutic agent. 7-9 Currently, 
EYE001 is undergoing clinical trials for the treatment of age- 
related macular degeneration (AMD). Because choroidal neo- 
vascularization is a severe complication of AMD and because 
patients with subretinal neovascularization, including those 
with AMD, show increased expression of VEGF, it is believed 
that antiangiogenic and/or antivascular permeability factors 
could delay or reverse the pathogenesis of AMD. 10 " 12 

Widespread clinical use of EYE001 will necessitate a prac- 
tical and effective method of delivery to the eye. Application in 
current clinical trials relies on intravitreal injections of the 
aptamer. Although this method allows for assessment of the 
potential use of the aptamer as a therapeutic drug, it is a less 
than optimal way to treat patients on a day-to-day basis, be- 
cause of its invasive nature. The mode of delivery should 
provide exposure to the drug for the required period it must be 
minimally invasive and, preferably, localized. 

Recent studies have highlighted the applicability of trans- 
scleral delivery for various macromolecules, including globular 
proteins. 13,14 The potential for transport or diffusion through 
the sclera lies in the large and accessible surface area of this 
tissue, its high degree of hydration, hypocellularity, and per- 
meability that does not decline significantly with age. 15-17 
Thus, this approach would circumvent the limitations and 
problems presented by other modes of delivery to treat 
posterior segment diseases — intravitreal, systemic, and eye 
drops — that include, among other drawbacks, retinal detach- 
ment, systemic side effects, and diffusional limitations, respec- 
tively. 18-20 
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Because certain methods of transscieral delivery can be 
destructive (i.e., iontophoresis), causing, in some cases, retinal 
necrosis and gliosis, 21 we have focused our attention on bio- 
degradable polymer sustained- delivery devices. Sustained de- 
livery of proteins or nucleic acids from polymer matrixes offers 
the advantage of targeting specific tissues and increasing the 
comfort and compliance of patients. 22 " 24 Specifically, we have 
used poly(lactic-co-glycolic) acid (PLGA) as the encapsulation 
matrix of choice. PLGA, an FDA-approved material, has been 
extensively studied for its biocompatibihty, toxicology, and 
degradation kinetics. 25,26 It has been used clinically as a suture 
material since the 1970s, 27 and recently it has been used as 
scaffold in tissue engineering techniques. 28,29 An important 
characteristic of PLGA carrier systems is their ability to be 
applied locally, which allows intralesional concentrations of 
the drug to be sustained while systemic deleterious side effects 
are minimized, thus providing a pharmacological advantage at 
the treatment site. 30,31 In vivo studies in which PLGA was used 
as a carrier system to the eye for various types of drugs used to 
treat various diseases have reported no sign of ocular toxicity 
or significant inflammatory responses for periods of up to 2 
months. 31,32 These studies, however, involved either the en- 
capsulation of small synthetic drugs and molecules or the 
intravitreal injection of such polymer devices after a sclerot- 
omy, which in itself is invasive. 

In our present study, we considered the potential of trans- 
scieral delivery of drugs in a sustained and controlled manner 
in an in vitro setup. We were able to deliver the anti-VEGF 
aptamer EYE001 for a period of up to 20 days in a biologically 
active state, showing no destabilization due to the encapsula- 
tion procedure. We hypothesize that delivering drugs in a 
sustained manner through the sclera is a viable approach for 
the treatment of various vision-threatening diseases. 

Methods 

Lyophilized RNA Aptamer EYE001 

EYE001 was produced at Gilead Sciences, Inc. (Boulder, CO) by the 
systematic evolution of ligands by exponential enrichment (SELEX) 
process as described 7,33 and supplied as a liquid formulation of 3 
mg/200 fiL saline solution. EYE001 is a pegylated RNA aptamer of 50 
kDa, with an A-type secondary structure, 40 mg/mL solubility, and a 
net negative charge of -28. Samples were lyophilized in a (model 
SNL315SV; Savant Instruments, Farmingdale, NY) at a chamber pres- 
sure of 80 mbar and a shelf temperature of - 45°C for 48 hours to 
obtain excipient-free aptamer. The lyophilized material was sealed in 
sterilized glass vials and stored at - 20°C until use. Lyophilized samples 
containing trehalose (Sigma Chemical Co., St. Louis, MO) at a 1:3 
weight ratio were prepared by adding an appropriate amount of 
concentrated excipient solution to the excipient-free aptamer solution 
before lyophilization. 34,35 The ratio was selected based on the mass 
amounts of aptamer to trehalose needed to stabilize aptamer structure 
and function on lyophilization and thus prevent lyophilization-induced 
structural changes. 

Circular Dichroism Experiments 

Circular dichroism (CD) spectra were recorded on a CD spectrometer 
(model 202; Aviv Instruments, Lakewood, NJ). Data were collected at 
25°C using a bandwidth of 0.5 nm and an average time of 0.1 second. 
The CD spectra were collected from 200 to 330 nm with a 0.5-cm 
quartz cells and corrected for the phosphate buffer signal contribution 
measured under identical conditions. 

Microsphere Preparation 

PLGA microspheres were prepared by a non-aqueous oil-in-oil meth- 
odology, as described previously. 24 Briefly, 25 to 30 mg of solid 



aptamer was suspended in a solution of 200 mg/2 mL PLGA (Resomer 
502 H, i.v. (inherent viscosity) 0.16-0.24 dL/g, 0.1% in chloroform, 
25°C, molecular weight [M^ 10 to 12 kDa, half-life for degradation 
approximately 1 to 1.5 months; Boehringer Ingelheim Pharma KG, 
Ingelheim, Germany) in methylene chloride with a homogenizer (Poly- 
tron, model PT 1200C; Brinkman, Westbury, NY) using a standard 
12-mm diameter generator at approximately 20,000 rpm for 1 minute. 
After suspension of the aptamer, the coacervating agent poly(dimeth- 
ylsiloxane) was added at a rate of 2 mL/min under constant homoge- 
nization, to ensure homogeneous dispersion of the coacervating agent, 
phase separation of PLGA dissolved in methylene chloride, and forma- 
tion of microspheres. The coacervating mixture containing the micro- 
spheres was then poured into an Erlenmeyer flask containing 50 mL 
heptane under constant agitation and stirred for 3 hours at room 
temperature to allow for hardening of the microspheres. Microspheres 
were collected by filtration with the use of a 0.22-/i,m nylon filter, 
washed twice with heptane, and dried for 24 hours at a vacuum of 80 
mbar. 

Encapsulation Efficiency 

Encapsulation efficiency was determined as described previously. 23 
Ten milligrams of PLGA microspheres was placed in 2 mL methylene 
chloride and stirred for 30 minutes to dissolve the polymer. The 
solution was then centrifuged at 10,000 rpm for 10 minutes to precip- 
itate the insoluble RNA aptamer, supernatant was removed, and the 
remaining methylene chloride was allowed to evaporate. To ensure 
evaporation of the methylene chloride, the sample was placed in a 
vacuum for 24 hours. The aptamer was then dissolved in Dulbecco's 
phosphate-buffered saline (DPBS; GibcoBRL, Grand Island, NY), and 
the concentration of entrapped aptamer in PLGA was determined 
spectrophotometrically. The percentage encapsulation efficiency was 
calculated by relating the experimental aptamer entrapment to the 
theoretical aptamer entrapment: (experimental/theoretical) X 100. 

In Vitro Release Profiles 

Ten milligrams of solid microspheres was placed in 2 mL of DPBS, 1 X 
(pH 7.3) and incubated at 37°C. Every 24 hours, the microspheres 
were gently centrifuged at 500 rpm for 1 minute, and the supernatant 
was removed for determination of aptamer concentration at 260 nm, 
e PBS = 25.08 cm -1 (mg/mL)" 1 as described. 24,36 Microspheres were 
then resuspended in 2 mL fresh DPBS to maintain sink conditions and 
control the pH. 24 - 37 Ten milligrams of blank (empty) PLGA micro- 
spheres were subjected to the same conditions as PLGA-loaded micro- 
spheres, and the supernatant collected from these was used as a blank 
in the spectrophotometric analysis. Data are presented as the average 
of three independent experiments with standard deviations. 

Cell Culture 

Human umbilical vein endothelial cells (HUVECs) were obtained from 
Cascade Biologies, Inc. (Portland, OR). Cells were maintained in 
growth-factor supplemented medium, including 2% vol/vol fetal bo- 
vine serum (FBS), 1 /Lig/mL hydrocortisone, 10 ng/mL human epider- 
mal growth factor, 3 ng/mL basic fibroblast growth factor, and 10 
/xg/mL heparin under standard tissue culture conditions (5% C0 2 , 
37°C, 100% relative humidity). Medium was changed every 48 to 72 
hours, and cells were passaged by standard trypsinization and plated at 
a cell concentration of 2.5 X 10 3 cells/cm 2 . 

VEGF-Induced Endothelial Cell Proliferation 

Proliferation assays were performed as described previously 7 with few 
variations. Briefly, HUVECs were seeded into 6-well or 12-well plates 
(2.5 X 10 3 cells/cm 2 ) as required in growth-factor- deficient medium 
(Medium 200; 5% FBS, 1 /ug/mL heparin; Cascade Biologies) for 24 
hours before experimentation. Aptamers (10 nM) collected after re- 
lease from PLGA microspheres at specific time points and then 
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VEGF 165 (10 ng/mL; R&D Systems, Minneapolis, MN) was added to 
cells and incubated for 4 days. Cells were trypsinized and counted with 
a cell counter (model Zl; Coulter, Beds, UK). Wells containing cells 
without addition of aptamer or VEGF l(i5 were trypsinized and counted 
for basal growth estimation (blanks). 

Scanning Electron Microscopy 

Samples were affixed with double-sided carbon tape to an aluminum 
stub and sputtered with approximately 100 nm gold (Sputter Coating 
System; SPI, West Chester, PA). SEM images were then obtained 
(model S360; Cambridge Instruments, Monsey, NJ) . 

Isolation and Preparation of Rabbit Sclera 

The experiments adhered to the ARVO Statement for the Use of 
Animals in Ophthalmic and Vision Research and guidelines developed 
by the Animal Care Committee of the Massachusetts Eye and Ear 
Infirmary. Dutch belted rabbits (Myrtle's Rabbitry, Inc., Thompson 
Station, TN), each weighing 2 to 3 kg, were anesthetized and killed 
with an intramuscular combination of 40 mg/kg ketamine (Abbott 
Laboratories, North Chicago, IL) and 10 mg/kg xylazine (Bayer, Shaw- 
nee Mission, KS) as described. 1 '* The eyes were enucleated immedi- 
ately before the rabbits were killed and were immersed in DPBS. The 
adherent muscles were excised, and scleral tissue was removed. Areas 
free of nerve and vessel emissaries were used to obtain 1 2 X 20-mm 
slices of sclera under microscope caliper guidance. Each piece of sclera 
was immersed on PBS and used on the day of isolation. 

In Vitro Transscleral Delivery Apparatus 

The in vitro apparatus used for these experiments was modified from 
one previously described (Fig. I). 14 Briefly, a 10 X 18-mm window was 
created on one face of a polystyrene cuvette (Sigma, St. Louis, MO) 
with use of a vertical milling machine (Bridgeport Machines; Bridge- 
port, CT), and a piece of sclera was blotted dry and placed over this 
window without stretching, avoiding asymmetrical stress. The tissue 
was sealed to the cuvette with a small amount of cyanoacrylate tissue 
adhesive (Ellman International, Hewlett, NY) applied continuously 
around its rim. PLGA-loaded solid microspheres (5 mg) were packed 
into a device 9 mm in diameter and 4 mm in depth made from a 
polypropylene cap of a 26.5-gauge needle (BD Biosciences, Lincoln 
Park, NJ). Cyanoacrylate tissue adhesive was placed around the border 
of the device and sealed against the orbital surface. A second identical 




Figure 1. Schematic of the in vitro transscleral delivery apparatus. 



cuvette was aligned with the first cuvette and glued in place along the 
margins of the tissue. Both sides of the cuvette were then filled with 
DPBS (2.5 mL), and the apparatus was placed in an incubator at 37°C 
without agitation. One side was considered the "uveal" chamber 
where diffusion of the aptamer would occur if the delivery were 
successful. The other side facing the "orbital" surface of the sclera 
would comprise any part of the sclera not covered by the device 
containing the microspheres and would serve as a control to assess any 
leakage from the device. A protease inhibitor cocktail (Complete Mini; 
Roche Diagnostics, Indianapolis, IN), at concentrations recommended 
by the manufacturer, was added to avoid proteolytic degradation of the 
tissue. In addition, 0.1 mM sodium azide was added to inhibit growth 
of bacteria in the medium. 17 After 24 hours the "uveal" chamber was 
sampled for aptamer concentration at 260 nm with a spectrophotom- 
eter (UV-Vis LambdaBio 40; Perkin Elmer, Wellesley, MA), and the 
"orbital" chamber was sampled as a control. Each side was replenished 
with fresh DPBS. To assess microsphere hydration and degradation, 
scleral tissue was analyzed by SEM after incubation for a determined 
period. 

Transmission Electron Microscopy 

Tissue was placed in modified Karnovsky fixative consisting of 2.5% 
glutaraldehyde and 2% formaldehyde in 0. 1 M cacodylate buffer with 8 
mM CaCI 2 and fixed for 12 to 24 hours at 4°C The specimens were 
subsequently changed to 0.1 M cacodylate buffer for storage at 4°C. 
The tissue was trimmed to block size and postfixed in 2% aqueous 
Os0 4 for 2 hours at room temperature. After the tissue was rinsed in 
buffer, it was dehydrated in ascending concentrations of ethanol, 
transitioned through propylene oxide, and infiltrated with mixtures of 
propylene oxide and Epon (EMBed 812; Electron Microscopy Sciences, 
Fort Washington, PA), embedded in pure Epon, and polymerized at 
60 °C for 18 to 24 hours. One-micrometer sections and thin sections 
were cut on an ultramicrotome (Ultracut E; Leica, Deerfield, IL). The 
l-/im sections were stained with 0.5% toluidine blue and the thin 
sections with saturated aqueous uranyl acetate and Sato lead stain, and 
then examined with a transmission electron microscope (model CM- 10 
Philips, Eindhoven, The Netherlands). 

Statistics 

The paired Student's two-tailed f-test was used to compare cell counts 
after each incubation condition. An a level of 0.05 was used as the 
criterion to reject the null hypothesis of equality of means. 

Results 

Characteristics of PLGA Microspheres 

SEM images of the microspheres after preparation indicated 
the formation of nonporous spheres with an average diameter 
of 14 ± 4 (Fig. 2A) and 16 ± 4 fxm (Fig. 2B) after hydration. 
The encapsulation efficiencies of aptamer into PLGA varied 
with the original amount of drug used as starting material. 
Encapsulation efficiency for microspheres containing aptamer 
colyophilized with trehalose was 80% ± 5% when 32.1 mg was 
used as the starting material, whereas for excipient-free 
aptamer- containing microspheres, the encapsulation effi- 
ciency was 71% ± 2% when 6.6 mg was used. Analysis of the 
microspheres after 10 days of release showed degradation of 
the polymer matrix and the formation of pores through which 
the aptamer was slowly released (Fig. 2B). 

RNA Aptamer EYE001 Release from 
PLGA Microspheres 

In vitro release profiles (Fig. 3A) for both excipient-free 
aptamer and aptamer colyophilized with trehalose at a 1:3 
weight ratio of aptamer to trehalose (herein referred to as 
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Figure 2. (A) PLGA microspheres loaded with anti-VEGF aptamer 
EYE001 before incubation with release medium and (B) after 10 days 
of exposure to aqueous release medium. The average diameter of the 
microspheres was 14 ± 6 /xm. Determination of average diameter was 
a result of diameter estimations of approximately 30 individual micro- 
spheres. 



EYEOOl-Tre) exhibited a controlled release of the drug in a 
period of more than 20 days. Release kinetics were character- 
ized by a very low-burst release during the first 24-hour period, 
followed by a continuous release with no evidence of a lag 
phase. Both formulations were completely released, indicating 
no adsorption of the aptamer to the polymer core. The average 
amount of drug released was 2 jutg/d, regardless of the amount 
of drug originally encapsulated. The encapsulation efficiency 
for both formulations in PLGA was 70% to 85%, with a theo- 
retical loading of 3.95% and actual loading of 2.76% ± 0.80%, 
indicating that the presence of trehalose had no effect in the 
encapsulation efficiency of the polymeric system. 

Secondary Structural Determination of EYE001 
Formulations upon Lyophilization 

To assess any structural changes due to the nature of the 
formulation of EYE001 upon lyophilization, EYE001 formula- 
tions lyophilized as described herein were reconstituted in PBS 
and its CD spectra determined and compared with an aqueous 
EYE001 standard. Given that EYE001 has an A-type RNA struc- 
ture (duplex formation, right-handed helix), 7 the CD spectra 



exhibit a maximum of approximately 260 nm and a minimum 
of approximately 210 nm. 38,39 A decrease in molar eliipticity in 
either maxima or minima is a reflection of a secondary struc- 
tural change. 38,39 The CD spectrum of EYE001 in the absence 
of any excipient on lyophilization and further reconstitution 
exhibited a slight decrease in intensity at both wavelengths. It 
was observed that when increasing the mass ratio of the dis- 
accharide stabilizer trehalose 22 " 24 * 34 * 35 to EYE001 before ly- 
ophilization, there was an improvement in the retention of 
structure, as evidenced by molar ellipticities at both wave- 
lengths comparable with those of the aqueous EYE001 stan- 
dard (Fig, 4). 




0 5 10 15 20 25 
Days 




0 2 4 6 

Square root of time (day A 1/2) 

Figure 3. (A) Cumulative release profile of (■) excipient-free 
EYE001 and (A) EYEOOl-Tre from PLGA microspheres. (B) Correlation 
between the amount of EYE001 released and the square root of time 
for (■) excipient-free EYE001 and (A) EYEOOl-Tre. The correlation 
coefficients of the released formulations were 0.9852 and 0.9946, 
respectively. 
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Figure 4. CD spectra of reconstituted EYE001 formulations under 
different lyophilization conditions. The spectra were recorded after 
reconstitution of samples in PBS. 



Anti-VEGF Aptamer Activity after Release 
from PLGA 

EYE001 activity after encapsulation and further release from 
PLGA microspheres was assayed by monitoring its ability to 
inhibit VEGF-induced proliferation of HUVECs. To determine 
the feasibility of polymer microspheres as a viable delivery 
device, proliferation assays were conducted at various stages 
during the release period. The representative time points cho- 
sen were at early, intermediate, and late stages of release. We 
were interested not only in the stability of the aptamer over 
time but also in the stability of the formulation state in which 
the aptamer was encapsulated in PLGA. 

The VEGF-induced proliferation of HUVECs after a period of 
4 days showed a threefold average increase in cell counts 
compared with those found in blanks. On HUVEC incubation 
with VEGF in the presence of the different aptamer formula- 
tions after release, it was evident that regardless of the formu- 
lation state, the aptamer was capable of at least partially inhib- 
iting VEGF-induced cell proliferation (Fig. 5). However, it is 
worth noting that the inhibition showed by the aptamer was, 
in general, enhanced when EYE001 was colyophilized in the 
presence of trehalose and then encapsulated in PLGA. EYE001 
preserved its bioactivity after encapsulation in PLGA and dur- 
ing its release over a period of 20 days (Fig. 5). Incubation of 
HUVECs with PLGA-loaded microspheres containing EYE001 
formulations and degraded PLGA supernatant had no effect on 
HUVEC proliferation (data not shown). 

Transscleral Delivery of EYE001 Released from 
PLGA Microspheres 

After active EYE001 was delivered from PLGA microspheres in 
a controlled manner for an extended period in vitro, we sought 
to determine whether the hydration of the sclera would be 
sufficient to degrade the microspheres and result in aptamer 



release and diffusion through the sclera. To do this, PLGA- 
loaded microspheres were loaded into a device and placed it 
on the sclera of Dutch belted rabbits as described in Figure 1 
(see the Materials and Methods section). The degree of poly- 
mer degradation was monitored qualitatively by analyzing the 
morphology of the microspheres. SEM pictures show the mor- 
phologic state of the microparticles after exposure to scleral 
hydration after a period of 18 hours and after 6 days (Fig. 6). 
During the first 18 hours, the polymer microspheres seemed to 
adhere to the tissue, but no significant degradation was ob- 
served (Fig. 6B), as expected, because of the short incubation 
time. However, after 6 days, PLGA microspheres showed sig- 
nificant degradation and formation of pores along its surface 
(Fig. 6Q. The visible signs of degradation indicated that scleral 
hydration was sufficient to degrade the PLGA-loaded micro- 
spheres, indicating feasibility of the delivery method for 
EYE001 through the sclera. 

To determine whether diffusion of EYE001 through the 
sclera was indeed possible after delivery from PLGA micro- 
spheres, aptamer concentration was monitored in the uveal 
chamber (sampling the chamber with the uveal side of the 
sclera exposed), and, as a control, the aptamer concentration 
in the orbital chamber was monitored as well (sampling cham- 
ber with the orbital side of sclera exposed and containing the 
device loaded with microspheres). Having determined the 
characteristics of the in vitro release profiles of EYE001 from 
the microspheres, aptamer diffusion through the sclera was 
monitored for 6 days. Table 1 presents the data showing the 
amount of aptamer diffused through the sclera. As can be 
observed, the amount of aptamer delivered from PLGA micro- 
spheres and diffused through the sclera is comparable with 
that released in vitro from isolated microspheres. An average of 
2 /ig/d was sampled in the uveal chamber, indicating that 
EYE001 diffused readily through the sclera, as reported previ- 
ously for molecules of similar molecular weight. 1 ' 1 An average 
of 0.5 /i-g/d was sampled in the control chamber. SEM analysis 
of lyophilized powder obtained after freeze drying of the vol- 
ume sampled in the uveal chamber revealed that there were no 
microspheres present, indicating that the drug permeated in its 
free, nonencapsulated form. 

Given that we monitored diffusion for 6 days in an in vitro 
setup, an important consideration was the integrity and viabil- 
ity of the sclera during the transport study. To this end, we 
examined cultured scleral tissue immersed in PBS and incu- 
bated at 37°C for 6 days by transmission electron microscopy 
(TEM). As a control, we analyzed a fresh scleral tissue, fixed the 
same day it was detached. As can be observed in Figure 7, there 
were signs of swelling of the collagen fibrils in the cultured 
sclera when compared with fresh rabbit sclera, as evidenced 
by the thickness of the collagen fibers, but the general ultra- 
structure of the tissue was preserved, as determined by TEM. 
This is consistent with the observations in other investigations 
in which similar in vitro experiments were performed to de- 
termine diffusion of solutes through the sclera, with the results 
indicating that normal scleral physiology can be maintained 
over the course of short- and long-term perfusion periods. 40 



Discussion 

The goal of the present study was to develop a drug delivery 
modality that could release the anti-VEGF aptamer EYE001 in a 
sustained and controlled manner over a significant period and 
could be applied locally to the outer part of the sclera. The 
retina and choroid are the target tissues, because this aptamer 
is intended to block the contribution of VEGF to choroidal 
neovascularization and diabetic macular edema, respectively. 
Transscleral administration, no more frequently than every 6 
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Figure 5. Cell proliferation assays 
of HUVECs incubated with EYE001 
formulations after release from PLGA 
microspheres. Each graph indicates 
the incubation condition and the 
time-point at which EYE001 was col- 
lected after release from PLGA. The 
mean values represent the average 
cell count results for each condition 
in three independent experiments. 
(A) Short-, (B) mid-, and (C) long- 
term release time points. *P < 0.05; 
#i> > 0.05 versus VEGF-induced cell 
proliferation, n = 3 for all time 
points. 
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weeks, would prove an attractive substitute to intravitreal 
injections of the aptamer, currently occurring at a similar 
frequency in two separate clinical trials. 

For this purpose, the biodegradable, biocompatible, and 
FDA-approved polymeric material PLGA was selected. 23 The 



release profiles of EYE001 from these microspheres were char- 
acterized by a low initial burst, followed by continuous release 
in the absence of a lag phase. Typical release profiles from 
PLGA microspheres are triphasic, characterized by an initial 
burst as drug entrapped near the surface releases, followed by 
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Figure 6. SEM images of (A) bare rabbit sclera and (B) rabbit sclera 
with PLGA microspheres after 18 hours and (C) 6 days of exposure to 
the orbital surface. 



a lag phase controlled by polymer degradation and final release 
of the drug as it diffuses from the polymer core as erosion takes 
place. 26 In the scenario observed, it is probable that EYE001 
formulations encapsulated in PLGA were homogeneously dis- 
tributed throughout the polymeric matrix. As described by 
Higuchi 41,42 and reported elsewhere, 43,44 when a drug releases 
from a homogeneous matrix-type delivery system, the process 



is diffusion-controlled and is evidenced by a proportionality 
between the amount of drug being released and the square 
root of time. The process is described by the following equa- 
tion: 

Q = y/2WDC s t 

where Q is the rate of released drug, D is the diffusion coeffi- 
cient of the drug in the matrix, W is the total amount of the 
drug per unit volume of matrix, C 3 is the solubility of the drug 
in the matrix, and t is the drug release time. 

The release of both excipient-free ap tamer and EYEOOl-Tre 
from PLGA as a function of the square root of time (f 1/2 ) show 
a linear relationship with correlation coefficients of 0.98 and 
0.99, respectively (Fig. 3B). These data support the hypothesis 
that both aptamer formulations were released through a diffu- 
sion-controlled process. 

An important consideration in our development of a long- 
term delivery device for a nucleic acid such as EYE001 was its 
stability before, during, and after the encapsulation process in 
PLGA. Nucleic acids are known to suffer depurination and 
become susceptible to free radical oxidation in aqueous solu- 
tions. 45,46 Such a phenomenon was recently reported by a 
group evaluating the potential development of pharmaceutical 
formulations of plasmid DNA with long-term storage stability. 47 
To this end, we colyophilized EYE001 with the known potent 
stabilizer trehalose, 34,48 and used a completely nonaqueous 
oil-in-oil methodology 48,49 for the creation of polymer micro- 
spheres that has been effective in the delivery of biologically 
active proteins with native secondary structures. 24,48 " 51 

The cell proliferation assays conducted to monitor aptamer 
bioactivity after release from PLGA microspheres reveal that 
the conditions chosen to create the polymer microspheres 
were satisfactory. As shown in Figure 5, EYE001 preserved its 
ability to inhibit VEGF-induced cell proliferation during all the 
representative time points along its release from PLGA. Al- 
though bioactivity was retained regardless of its formulation 
state, an improved level of bioactivity was observed in general 
when EYE001 was colyophilized with trehalose before encap- 
sulation. 

Incubation of PLGA microspheres directly with HUVECs 
revealed the same trend as that of the aptamer collected after 
it was released from isolated microspheres in vitro. No evident 
signs of toxicity or cell death were observed when blank PLGA 
microspheres were incubated with HUVECs from microscopic 
observations and cell counts (data not shown). These results 
are in agreement with reports by other groups that conducted 
cell proliferation assays with polylactides of various molecular 
weights with rat epithelial cells, human fibroblasts, and osteo- 
sarcoma cells under culture conditions. 52 Overall, it was deter- 
mined that satisfactory biocompatibility was exhibited. 52,53 



Table 1. Amount of Aptamer Diffused through the Sclera after 
Release from PLGA Microspheres 



Day EYE001 SC * (jag) EYE001 cc f (Mg) 



1 


3.4 ± 0.8 


0.7 ± 0.3 


2 


2.3 ± 0.5 


0.5 ± 0.3 


3 


2.1 ± 0.6 


0,5 ± 0.2 


4 


1.8 ± 0.3 


0.6 ± 0.4 


5 


2.4 ± 0.1 


0.5 ± 0.2 


6 


2.6 ± 0.2 


0.4 ± 0.3 



Data are presented as the average results of three experiments ± 

SD. 

* Sampling Chamber, 
t Control Chamber. 
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Figure 7. Cross-sections (A, B) and 
longitudinal sections (C, D) of rabbit 
sclera analyzed by TEM. Fresh rabbit 
sclera (A, C) was used as control to 
compare with sclera incubated in 
PBS at 37°C for 6 days (B, D). 

These data add support for the conclusion that the method 
described in this report holds promise for the long-term inhi- 
bition of VEGF-mediated responses in vivo. 

Rabbit sclera is 71% water 17 and, as documented by elec- 
tron microscopy (Fig. 6C), it served to hydrate and degrade the 
solid PLGA microspheres placed on the orbital side of the 
sclera, which were not in contact with any hydration medium 
other than the hydrated scleral surface itself. An important 
aspect of PLGA controlled-delivery devices is that they provide 
continuous release and avoid the repeated use of injections or 



high concentrations of drug to achieve the desired pharmaco- 
logical response. Even though controversy exists over how the 
flux over the sclera occurs and whether it achieves steady 
state, 54 our controlled-drug delivery device would increase 
drug-sclera contact, thus improving scleral absorption. The 
hypocellularity 55 and large surface area 15 of the human sclera, 
as well as its remarkable tolerance of foreign bodies overlying 
its surface (e.g., scleral buckles 56 ) helps to facilitate diffusion 
through it and allow a long-term transscleral delivery device to 
be clinically feasible. 
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In this report, we present data showing the feasibility of 
delivering the anti-VEGF aptamer EYE001 in a sustained and 
controlled manner and in a biologically active form. The de- 
velopment of such an approach to drug delivery accompanies 
the advent of many potential antiangiogenic drugs for the 
treatment of various vision-threatening diseases that affect the 
posterior segment of the eye. Validation of this study would 
require testing the system in an in vivo model that would also 
address other important questions: how choroidal blood flow 
affects transscleral delivery and whether the concentrations of 
active drug delivered through the proposed system are suffi- 
cient to inhibit some or all the responses triggered by neovas- 
cularization in the posterior segment, among others. These 
studies are currently in progress in our laboratory. 
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METHODS OF OPHTHALMIC ADMINISTRATION- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to methods of ophthalmic administration. 

Specifically, the methods relate to intrascleral injection of therapeutic or diagnostic 
materials. 

2. Description of the Related Art 

10 Delivering therapeutic or diagnostic agents to the posterior segment of the 

eye, especially to the retina, macula, etc., poses several challenges. Topical instillation of 
an agent to the front of the eye such as by eye drops, generally provides low amounts of 
the agent (including none) to the posterior portion of the eye, due in part to poor diflusion 
through the various layers as well as the natural clearing processes encountered. 

15 Providing effective amounts of an agent to, for example, the retina via topical instillation is 
generally not possible given the distance and number of layers between the deposit site of 
the agent and the site to be treated. Another potential shortcoming with topical instillation 
is that the composition tends to be quickly removed from the eye by tears and other 
natural clearing processes. The resulting short duration of contact can further limit the 

20 likelihood of an appreciable amount of the agent reaching the posterior segment. 

Conversely, systemic delivery of an agent to the posterior segment of the 
eye such as by oral administration, is limited by the blood-retinal barrier. The barrier limits 
the size and amount of agents that can reach the choroid and retina. Moreover, because 
the agent is systemically delivered, the dosage is limited so as not to provide a toxic dose 

25 of the agent to other parts of the body. This is especially a concern in treating chronic 
disorders where a long term dosing regimen is typically required. For this reason, 
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overcoming the barrier by administering higher doses of the agent is usually not a practical 
alternative. Likewise, the risk of side effects is increased with systemic delivery. 

Other proposals for delivering agents to the eye include the use of inserts 
and implants which release the agent over time onto or into the eye. An insert, as used in 

5 this application, is a device inserted over the eye, such as on the conjunctival layer, and 
generally comprises a polymer matrix containing an active agent. The agent that is 
released from the insert can diffuse through the sclera and into the eye. While sustained or 
long term agent contact with the eye can be achieved by this method, little if any of the 
agent reaches the posterior segment of the eye for much the same reasons as topical 

10 instillation. Implants are devices similar to inserts but they are surgically placed within the 
eye. Accordingly, implants bring the risk of infection and other problems due to its more 
invasive nature. 

For example, U.S. patent 4,863,457 to Lee relates to an implant having a 
stem and base wherein the stem releases a drug and is positioned to extend into a canal, 

15 passageway, or orifice of the eye. The implant is taught to serve two functions: internal 
delivery of drug and mechanical prevention of passageway closure. The drawings 
illustrate placing the base of the implant in the subconjunctival space, or within the sclera 
itself, with the stem extending into the anterior chamber. The implant is taught to be 
especially useful in post-operative glaucoma patients as the drugs released can suppress 

20 scar tissue around the stem while the stem structure helps to maintain a passageway from 
the anterior chamber to Schlemm's canal. In this way, the implant is taught to ensure 
continued drainage of the aqueous humor from the anterior chamber and prevent a 
recurrence of the pressure buildup caused by glaucoma. 

However, this implant is directed to treating the anterior chamber and not 

25 the posterior segment of the eye. Indeed, the option of inserting the implant into the 
sclera is problematic if attempted in the posterior segmenrof the eye. Here, partially 
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cutting the sclera where it overlies the retina and inserting the base and-stem of the implant 
therein, raises the risk of retinal detachment and choroidal hemorrhage. Only in the front 
of the eye, where the sclera does not overlie the retina and the vasculature of the choroid 
is low, can the partial thickness sclera flap technique be practically performed. 
5 Accordingly, the design and placement of this implant is not effective for delivering an 
agent to the posterior portion of the eye. 

U.S. patent 5,707,643 to Ogura et al. relates to a biodegradable scleral 
plug that is inserted through an incision in the sclera into the vitreous body. The plug 
releases a drug into the vitreous body for treating the retina. The path of the plug is not, 

10 however, indicated. Assumedly, the plug would extend through the avascular region of 
the pars plana so as not to rupture any significant blood vessels or the retina. The drug 
will be applied to the entire retina by diffusion through the vitreous body, thus precluding 
the ability to provide a more concentrated application of the drug to one portion of the 
retina. Also, the invasive nature of the plug brings various risks including the risk of 

15 infection. 

U.S. patent 5,443,505 to Wong et al. relates to implants that are taught to 
deliver drug to a localized site. The implants are typically placed in the suprachoroidal 
space over an avascular region of the eye such as the pars plana or a surgically induced 
avascular region. Another embodiment involves forming a partial thickness scleral flap 

20 over an avascular region, inserting the implant onto the remaining scleral bed, optionally 
with holes therein, and suturing closed the flap. The drug diffuses into the vitreous region 
and the intraocular structure. Locating the implant close to the back of the eye is 
apparently not possible as the region would not be avascular, unless surgery is performed 
to make an avascular region. Such removal is normally undesirable since vision loss will 

25 be induced. 
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Another delivery approach is direct injection. For the posterior segment of 
the eye, an intravitreal injection has been used to deliver drugs into the vitreous body. 
U.S. patent 5,632,984 to Wong et al relates to the treatment of macular degeneration 
with various drugs by intraocular injection. The drugs are preferably injected as 
5 microcapsules. The intraocular injection into the posterior segment is taught to allow 
diffusion of the drug throughout the vitreous, the entire retina, the choroid and the 
opposing sclera. Similarly, U.S. patent 5,770,589 to Billson et al relates to treating 
macular degeneration by intravitreally injecting an anti-inflammatory into the vitreous 
humor. These invasive injections are normally administered through the pars plana in 
10 order to minimize the damage to the eye. While drug is delivered to the posterior 

segment, it is not specifically administered to a target area such as the macula, but rather is 
supplied to the entire posterior segment. Additionally, the procedure has a high risk of 
infection and retinal detachment and has restricted use. 

U.S. patent 5,767,079 to Glaser et al relates to the treatment of 
15 ophthalmic disorders including macular holes and macular degeneration, by administration 
of TGF-B. The method of administration varies depending upon the nature and location of 
the pathology. The patent contemplates placing an effective amount of the growth factor 
on the ophthalmic abnormality. In treating the macula and retina, the examples teach that 
a surgical procedure involving a core vitrectomy or a complete pars plana vitrectomy is 
20 performed before the growth factor can be directly applied. The patent does mention the 
possible use of, inter alia, an intrascleral injection. However, no specifics are given about 
such a procedure, nor is such a procedure well known in the art. Presumably, the patentee 
intended either administration to the sclera on the anterior segment of the eye at an 
avascular region or administration to the sclera behind the retina via a surgical procedure 
25 through the vitreous body, retina, and choroid. The former method will not provide a 

large amount of drug to the posterior segment, as discussed above with regard to topical 
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instillation and implants. The latter method is a dramatic, highly invasive* technique that 
would be suitable only where partial vision loss has already occurred or was imminently 
threatened. Such a procedure carries a high risk of infection or retinal detachment as well 
as loss of vision and clearly is problematic for chronic administration. 

U.S. patent 5,273,530 to del Cerro et al relates to the intraretinal delivery 
and withdrawal of samples and a device therefor. Unlike direct intraocular injection 
techniques, the method disclosed in this patent avoids the use of a pars plana incision and 
instead uses an insertion path around the exterior of the orbit. The device, having a 
curved handle and a tip with collar, allows a cannula to be inserted through the posterior 
sclera and down into the subretinal space without passing through the vitreous body. The 
collar is stated to regulate the penetration to the desired depth. The method is basically 
directed to supplying cells to and/or withdrawing samples from the subretinal space. 
However, the device is taught to be adjustable to any part of the eye including the scleral 
area, the choroidal area, the subretinal area, the retinal area and the vitreous area. In use, 
the disclosed subretinal delivery method presents a significant risk of causing choroidal 
hemorrhaging. It should be noted that although the approximate location of the cannula 
can be observed through a slit lamp by tinting, the penetration of the cannula through the 
sclera and choroid can not be seen until the tip of the cannula penetrates the retinal 
surface. 

The above methods show that delivering agents to the posterior segment of 
the eye, especially the back of the eye at the retina, macula, etc., is difficult. This region of 
the eye is isolated by both the anterior segment and the blood-retinal barrier. The 
techniques which are relatively easy to apply (topical instillation, oral administration) 
generally do not deliver a sufficient amount of the agent to the posterior segment and/or 
present toxicity or side effect problems. In contrast, techniques that deliver effective 
amounts (intravitreal injection) are complicated, invasive procedures that subject the 
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patient to the risk of infection, retinal detachment, and further vision os-dye damage. A 
minimally invasive method for delivering agents to the posterior segment of the eye would 
be of great benefit. 

5 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for 
administering agents to the eye. 

It is another object of the present invention to provide a method for 
administering agents to the eye that is minimally invasive. 

10 Preferred forms of the invention contemplated accomplish at least one of 

the above objects. One embodiment of the invention is a method of intrascleral injection, 
which comprises injecting into the scleral layer of an eye through a location on the exterior 
surface of the sclera which overlies retinal tissue an effective amount of a therapeutic or 
diagnostic material. Depending on the injection conditions, the material will (1) form a 

15 depot within the scleral layer and diffuse into the underlying tissue layers such as the 
choroid and/or retina, (2) be propelled through the scleral layer and into the underlying 
layers, or (3) a combination of both (1) and (2). By entering the sclera from the external 
side, the method avoids the invasiveness of the intravitreal injection technique, thereby 
reducing the risk of infection and allowing a regimen of treatments to be given throughout 

20 the year, if needed. Also, because the sclera moves with the entire eye including the 
retina, the site of deposit on the sclera will map to the corresponding point on the 
underlying retina, even as the eye moves within the eye socket. This means that site 
specific delivery can be achieved and maintained. Thus, by depositing material into the 
sclera at a site overlying the macula, the material will be easily delivered to the macula and 

25 surrounding tissues. 
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The injection procedure is not particularly limited and embraces the use of 
a cannula or needle as well as needle-less particle/solution techniques. In a preferred 
embodiment, a cannula is inserted into the sclera in a rotational direction relative to the 
eye and not orthogonal to the surface of the sclera. By angling the cannula insertion into 
the sclera, the risk of accidentally perforating the sclera and causing damage to the 
underlying tissue (choroid and/retina) or hemorrhaging can be reduced or eliminated. 

The present invention allows the delivery of a variety of agents to the 
posterior segment of the eye whenever such delivery would be desirable, including treating 
conditions of ihc posterior or anterior segments and diagnosing various conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an eye having a cannula inserted into the scleral in 
accordance with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention involves injecting a material into the sclera of an eye. 
The eye can be of any vertebrate animal including human and non-human mammals. The 
sclera is a thin, avascular layer, comprised of a highly ordered collagen network, that 
surrounds most of the vertebrate eye. The cornea replaces the sclera in the front of the 
eye, with the transition from sclera to cornea occurring at the limbus. Because the sclera 
is avascular, there is essentially no risk of hemorrhaging after an injection therein and the 
injected material is not rapidly removed or "cleared" from the eye. Thus the sclera can be 
effectively utilized in the present invention as a natural storage depot. Further, because of 
the fibrous and inelastic nature of the sclera, it can be used as a diffuser screen through 
which the material is propelled. This allows for the rapid delivery of the material to the 
underlying tissue(s). In any event, injecting the material info-the scleral layer, either so it 
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can diffuse out or so it is propelled out, provides for a minimally invasive-technique for 
providing the material to ocular tissues in the posterior segment of the eye. 

The material can be placed within the sclera by any suitable injection 
technique including cannular and non-cannular techniques. Typically a cannula is inserted 
5 into the sclera and the therapeutic or diagnostic material is then injected through the 

cannula and into the scleral layer. In more detail, an embodiment of the present invention 
using a cannula is described below with reference to fig. 1. 

Eye 10 (not drawn to scale) can be divided into an anterior segment 20 and 
posterior segment 30 with an equator 40. Sclera 1 1 covers the outside of the eye around 
10 the posterior segment and part of the anterior segment while cornea 21 covers the outer 
part of the remainder of the anterior segment. Underlying the sclera is choroid 12 and 
retina 13. A cannula 50 (shown here as a needle with a beveled terminal end) has been 
inserted into the sclera from a location on the external (or outer) surface of the sclera that 
overlies the retina. In this inserted position, conveying material through cannula 50 will 
15 result in injecting the material into the scleral layer. The cannula has been inserted in a 
substantially rotational direction meaning that the insertion path into the sclera generally 
points around the eye and not into the center of the eye. This is a preferred embodiment 
because it decreases the risk of accidentally penetrating through the sclera and into the 
choroid or retina. Obviously, inserting a cannula, especially a sharpened or beveled 
20 cannula, into the vascular choroid or light sensitive retina can cause serious injury to these 
layers with resulting vision impairment. Generally insertion of the cannula in a 
"substantially rotational direction" will be performed at an insertion angle of less than 
about 60 degrees; the "insertion angle" being defined by the angle formed between the 
tangent to the sclera at the external point of entry and the insertion path of the cannula 
25 into the sclera (or in the case of a curved cannula, the tangent to the curved cannula 

insertion path at the entry point into the sclera). Preferably the insertion angle is less than 
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50, more preferably from about 20 to about 40 degrees. In one embodiment the insertion 
angle is about 30 degrees. 

In a preferred embodiment, the cannula is inserted in an orientation to the 
sclera such that it must exit the sclera, if at all, through another location on the exterior 

5 surface of the sclera: hereinafter a "fail safe orientation." This can be accomplished, for 
example, by inserting a straight cannula at a sufficiently low insertion angle. Because the 
sclera is curved, the cannula can be angled so as to travel on a path that is tangential to a 
point on the curving interior surface layer of the sclera. At all insertion angles lower than 
this tangential angle, the closest the cannula will come to the inner surface of the sclera is 

10 a point above the tangent point. Further extending the cannula beyond this point will 
bring the leading end of the cannula further away from the interior surface of the sclera 
and closer to the exterior surface of the sclera. Thus, the cannula will miss perforating the 
interior surface of the sclera no matter how far the cannula is extended. This provides a 
safer injection technique in that if the cannula is inserted "too far," the result is only that 

15 the injected material will not go into the sclera as intended, but instead will be deposited 
on the exterior of the sclera. Such injections into the external part of the eye should have 
no deleterious effect. Orienting the cannula, whether curved or straight, such that it enters 
the sclera from the exterior surface thereof and must exit the sclera, if at all, also through 
the exterior surface and not through the inner surface of the sclera, significantly reduces 

20 the risk of accidentally damaging the choroid or retina. 

Inserting the cannula in a substantially rotational direction also allows for 
increased insertion distances of the cannula into the sclera which can increase the 
hydrodynamic seal between the cannula and the scleral tissue. A poor hydrodynamic seal 
can lead to the material leaking out of the sclera along the sides of the cannula during the 

25 injection. Generally, the insertion distance of the cannula into the scleral layer is at least 
about 1.5 mm, more typically about 2-3 mm, in order to have^a good hydrodynamic seal, 
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although the insertion distance is not limited thereto. In some embodiments, the cannula is 
preferably inserted into the sclera a distance that is greater than or equal to the thickness 
of the sclera, preferably at least one and a half times the thickness, measured at the entry 
point on the exterior surface. This is particularly useful near the equator where the sclera 
is quite thin, but is not limited to such a region. By increasing the surface area between 
the cannula and the scleral tissue, a better hydrodynamic seal can be formed which allows 
for larger and/or faster injections. 

The cannula is not particularly limited and need only fit within the thickness 
of the sclera at the point of entry. Preferably the cannula is sufficiently small in diameter 
that no hole is visible in the sclera upon macroscopic observation of the entry site after the 
injection. Typically, at least a 25 gauge, preferably at least a 28 gauge, more preferably 
about 30-33 gauge cannula is employed, but such is not required. The size of the cannula 
depends in part on the viscosity of the material to be injected, the amount of material to be 
injected, and the time of injection. A very fine gauge cannula, while causing little if any 
trauma to the eye, may not be able to allow sufficient flow of a particular material into the 
sclera and thus would not serve as a useful conduit. The above gauge sizes are, especially 
for humans, a size that typically accommodates these competing features. Preferably the 
cannula is sharp on its leading end (i.e. a needle) such as with a bevel or a hollow ground 
point. In some cases it may be desirable that the bevel engages the sclera in an upside 
down orientation whereby the leading edge of the bevel is adjacent to and makes first 
contact with the exterior surface of the sclera. This can aid in holding the cannula in 
alignment with the sclera as the cannula is inserted and in preventing or reducing the risk 
of the cannula rotating the eye or sliding/skidding on the scleral tissue. The desirability of 
such an upside down bevel approach depends upon the insertion angle, the thickness of 
the sclera, the shape of the cannula and the size of the cannula. The aperture through 
which the material exists the cannula can be on the terminal end of the cannula or on the 
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side of the cannula. By selecting the aperture location, the general direction of the 
material being injected into the sclera can be controlled. 

The insertion of the cannula can be carried out by hand or with a device. 
In a preferred embodiment of the invention, the insertion is carried out using a guided 
5 injection device. In general, a guided injection device has a mechanism for providing a 
needle at a predetermined angle of insertion and preferably a predetermined depth of 
insertion. For example, a device having a guide platform which comprises a support 
surface that generally conforms to the shape of the sclera and a channel extending through 
it for guiding the needle can be advantageously employed. When the support surface is 

10 contacted to the exterior surface of the sclera, the angle of the channel relative to the 
sclera is fixed. The needle transmitted through the channel will thus be inserted into the 
sclera at the predetermined insertion angle. Various mechanical means, such as a stop or 
collar, can be used to limit the insertion distance of the needle. The needle itself is 
connected to the material to be injected, such as by directly attaching to a reservoir on the 

15 device or to a remote reservoir, so as to facilitate the injection step. For safety the needle 
is preferably retractable such that after injection of the material, the needle can be 
withdrawn back within the device, behind the support surface. Actuators for achieving the 
back and forth movement of a needle are well known in the art. Such a guide platform 
can be placed on the distal end of the device shown in U.S. patent 5,273,530, and thus, 

20 with an appropriate predetermined angle of insertion, make the blind insertion of a needle 
into the sclera at the back of the eye a safe procedure. 

With the cannula inserted into the sclera, the material is injected via the 
cannula and into the scleral layer. The rate of injection of the material via a cannula into 
the sclera is dependent on several factors including the viscosity of the material, the 

25 duration of the injection (or the amount of material to be injected), and the desired result 
of the injection and can be readily determined by workers of ordinary skill in the art. 
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Generally, the injection rate is at least about 0.1 |jl/s, typically from about 0.1 to about 8.0 
pl/s, although higher rates may be preferred for some applications. For example, if the 
injection is intended to form a depot of material within the sclera so as to accommodate 
extended release of the material to the underlying tissues, then generally lower injections 
rates are used such as from 0.1 to about 3.0 pl/s. In this way, the injected material is held 
in the scleral layer and diffuses out over time. Alternatively, the material can be injected 
into the sclera so as to leave more quickly than by simple diffusion. By injecting the 
material under sufficient force, at least a portion of the material can be propelled through 
the scleral layer. Under this approach, generally higher injection rates are used such as 
from 2.0 to about 8.0 pl/s. However, it is possible to propel a portion of the injected 
material through the sclera without using high flow rates by injecting larger amounts of 
material than the sclera can hold. In this way the storage depot capability of the sclera is 
exceeded and the injected material is forced out and into the underlying tissues. 
Nonetheless, usually the injection rate is within the above range and the injected material is 
propelled through the sclera by the force of injection (i.e., the velocity obtained 
therefrom), only. Such higher injection forces can be used without a high risk of damage 
to the underlying sensitive tissues because, in part, the partial thickness of the scleral layer 
serves as a diffuser to slow down and somewhat disperse the injection stream. In either 
event, the injection conditions are such that at least a portion of the material injected into 
the scleral layer is also propelled through the remainder of the scleral layer and into the 
underlying tissues (hereinafter sometimes referred to as the "propelling-type injection"). 
The amount of propelled material that exits the sclera varies from greater than zero to 
essentially all of the injected material. Typically, at least 10 %, more preferably at least 
about 25%, is propelled through the scleral layer and into the underlying tissues. The 
remainder of the material will usually diffuse out of the sclera over time, although such is 
not required. In this way, a combination of immediate or hear immediate treatment and 
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extended or sustained treatment can be attained by appropriately proportioning the 
amount of material that is propelled out of the sclera and the amount that diffuses out of 
the sclera. Other factors that affect the propelling/diffusing ratio include the nature and 
viscosity of the material, the proximity of the cannula to the interior surface of the sclera, 
the angle of injection and the orientation of the cannula aperture, and the amount of 
material injected. 

In a preferred embodiment for a propelling-type injection, the cannula 
aperture is located on the side, generally perpendicular to the insertion direction, and 
oriented toward the interior surface of the sclera. In this way, the injected material is 
directed toward the underlying ocular tissues and is thus more likely to have sufficient 
propulsion from the injection to traverse the remaining scleral layer and reach these 
tissues. 

One advantage of the propelling-type injection is the ability to force 
relatively large particles through the scleral layer that would not ordinarily or not readily 
diffuse out of the sclera. This means that proteins, viral vectors, antibodies, gene therapy 
constructs, etc., can be delivered to the ocular tissues in the posterior segment of the eye 
without penetrating the sclera and despite the fact that the materials may be too big to fit 
through the scleral layer. The sclera, although inelastic, will nonetheless allow these larger 
particles to pass through. Typically these larger particles have a particle size of at least 50 
nanometers and generally are in the range of 50 to 200 manometers, preferably 50 to 150 
nanometers. In this embodiment, the hydrodynamic seal around the cannula should be 
taken into account along with the injection rate in order to prevent the injected material 
from backing out of the sclera along the sides of the cannula, as has been discussed above. 

Cannular injections typically will last for up to 10 seconds, although longer 
injection times are possible, especially with the use of a hand rest/support, and are 
contemplated by the present invention. 
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A different embodiment of the present invention uses needle-less injection 
to carry out the injection of material into the cannula. Needle-less injection techniques are 
well known in connection with injecting into skin. In general, a solution or dry particles 
are driven by a forced fluid such as gas at very high velocities to the surface of the skin. 
The duration of the injection is very brief, fractions of a second, so as to be considered 
instantaneous. At the point of contact (the site of injection), the nozzle through which the 
material is propelled, forms a seal with the skin. Because of the high speed, generally 
supersonic, the material penetrates the skin, the path of least resistance, without the aid of 
a needle. However, skin is relatively elastic and unlike the sclera. Accordingly, devices 
commercially sold for needle-less injection into skin will generally have poor performance 
if used to inject into the sclera. In particular, a short burst of material directed at high 
speed at the sclera tends to bounce off instead of penetrate the scleral layer. Accordingly, 
a slower, sub-sonic approach with longer injection duration is preferred for intrascleral 
injection. By driving the material so as to attain sufficient momentum, but without excess 
speed, the material will be more likely to penetrate into the scleral layer than bounce off. 
Typically the injection duration is at least one second and generally from 1 to 10 seconds, 
although longer times can be used. Improving the seal between the nozzle and the sclera 
is also beneficial to improving penetration efficiency. 

As with a cannular injection, the material injected by the needle-less 
technique can form a depot within the sclera and/or a portion of the material can be 
propelled Jhrough the sclera and into the underlying tissues. The depth of penetration 
depends on the size and nature of the material, the momentum of the material, the duration 
of the injection and the seal between the nozzle and the sclera. Unlike the cannular 
propelling-type injection, needle-less injection generally can not be used to inject large 
particles. It is believed that this is do in part to (1) the nature and physical dynamics of 
needle-less injection technology and (2) the fact that the n6edle-less injection technique 
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requires the material to be propelled the entire thickness of the sclera inaarder to reach the 
underlying tissues. In contrast, the cannular propelling-type injection propels the material 
from within the scleral layer and thus need only propel the material a partial thickness of 
the sclera; i.e. the remaining thickness from the cannular aperture to the interior surface 

5 layer. Accordingly, needle-less injection into the sclera normally uses material that has a 
particle size of less than about 40 nanometers and preferably 20-40 nanometers. 

The entry point on the exterior surface of the sclera overlies the retina and 
thus is in the posterior segment of the eye. It should be noted, however, that the injection 
of material jnto the sclera may occur at a location within the sclera that does not overlie 

10 the retina, depending upon the angle and direction of injection; e.g., in the case of a 

cannular injection in a substantially rotational direction, the injection site within the sclera 
may be anterior to the retina. Nonetheless, generally, and preferably, the injection site of 
the material within the sclera is also over the retina. 

Preferably the entry point and injection site are posterior to the area of eye 

15 muscle insertion, more preferably posterior to the equator of the eye, and more preferably 
more than 45 degrees posterior to the equator. Also, when a disease or condition is 
present or concentrated in a local area, such as macular degeneration, it is preferred to 
make the injection in the vicinity of the affected area. In this way, any depot of the 
injected material formed within the sclera is near the site to be treated while any propelled 

20 material is likely to reach the intended affected tissue. Preferably a portion of the injected 
material at least partially overlies the localized area to be treated. Such can allow for more 
effective treatment and/or reduced amounts of material needed to be injected. Also, 
because any material that is not propelled is stored within the sclera, the material remains 
in proximity with the affected area regardless of eye movement. 

25 The posterior segment can be reached in order to make an injection in a 

number of ways. The eye can be rotated in order to expose the posterior segment. This is 
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typically accomplished by holding the conjunctiva with forceps and rotating the eye so that 
the front of the eye moves downwardly (i.e. "rotated forwardly"). The eye can be rotated 
in other directions as appropriate and other techniques for rotation can be used as desired. 
Another technique involves using a curved handled device that can be inserted around the 
eye to position the cannula, needle-less injection nozzle, or other injection apparatus over 
the desired posterior location. The concept of such a device is shown in U.S. patent 
5,273,530. While the device could be used as shown therein, it should preferably be 
modified so that the cannula is retractable and more preferably modified so that the 
cannula will be inserted in a substantially rotational direction. 

Accessing the posterior of an eye also normally entails penetrating the 
conjunctiva. One way is to make an incision in the conjunctiva and insert the cannula, 
nozzle, or other injection apparatus through the incision to the sclera. Such a method 
works with both the eye rotating technique and the curved handle device technique 
discussed above for accessing the posterior segment of the eye. Such an incision is 
relatively non-invasive and is similar to conjunctival incisions (peritomy) that 
ophthalmologists make in carrying out other procedures. Another approach is to rotate 
the eye into the desired position and then inject through the conjunctiva and into the 
sclera. For example, in the case of a cannular injection, this means inserting the terminal 
end of the cannula through the conjunctival layer and into the sclera. In this approach, it 
may be necessary to prevent movement of the conjunctiva relative to the sclera. This can 
be done by taking into account the relative looseness of the conjunctiva, the angle of 
insertion, the presence of a bevel and its orientation, and the use of conjunctiva holding or 
stabilizing devices or techniques. For example, holding a portion of the conjunctiva in 
place by physical restraint (e.g., friction or pins) while inserting the cannula can be 
effective in preventing relative movement between the conjunctiva and the sclera. Relative 



- 16- 



WO 00/07565 PCT/US99/17543 

slipping between the conjunctiva and the sclera are less of a concern witfwieedle-less 
injection techniques. 

The material to be injected can be any material having a therapeutic or 
diagnostic utility or purpose. The material can be a gas, a liquid, a suspension, a colloidal 
5 suspension (particles of less than about 200 nanometers), an emulsion, a gel-sol, a powder, 
etc., so long as it is injectable. Preferably, the material is injectable through a cannula. 
Typically the materials injected in the present invention are similar to intravitreal and 
intramuscular injection formulations in terms of concentrations, viscosities, adjuvants, etc., 
although such is not required. A large number of diagnostic and therapeutic materials are 

10 well known in the art for treating various ocular diseases and conditions, as is their 

preparation and formulation, and all such materials are specifically contemplated for use in 
the present invention. 

A "therapeutic material" means a material that provides a healing, 
restraining or prophylactic effect to a disease or condition or which suppresses, 

15 ameliorates or prevents the symptoms associated with a disease or condition. The material 
can be a single substance or a combination of substances. Typically, a therapeutic material 
is a composition containing a pharmaceutically active agent and an ophthalmically 
acceptable carrier or diluent. The active agent useftil in the present invention include all 
ophthalmically effective agents, examples of which include anti-angiogenesis agents such 

20 as metalloproteinase inhibitors, vascular endothelium growth factor ( VEGF) regulating 
agents, fibroblast growth factor (FGF) regulating agents, integrin blockers, protein kinase 
C inhibitors, and endogenous angiogenesis inhibitors (e.g., angiostatin); 
ischemic/reperfusion preventing agents such as NMDA receptor antagonists, AMPA 
receptor antagonists, antioxidants, peroxidation inhibitors, apoptosis inhibitors, adenosine 

25 or adenosine regulating agents, calcium channel blockers, and nitric oxide regulating 
agents; anti-inflammatory agents such as steroidal and non-steroidal anti-inflammatory 
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agents; antiviral agents; antioxidants; antibiotics; antitumor agents suchjas tumor necrosis 
factors; anti-cataract agents; anti-glaucoma agents; anesthetics; cellular regeneration 
agents such as telomerase; gene therapy compositions which are typically comprised of a 
nucleic acid and/or a protein and a vector and include triplex nucleic acids, ribozymes 
5 viruses, plasmids, and liposomes; antibodies and fragments thereof; and antisense 
compounds. 

Specific examples of useful active agents include, but are not limited to, 
pilocarpine, timolol, atenolol, betaxolol, levobunolol, tetracycline, hydrocortisone, 
prednisolone, prednisone, dexamethasone, progesterone, fluorometholone, lazaroids and 

10 21-aminosteroid compounds as disclosed in U.S. Patent 5,124,154 (incorporated herein by 
reference), aspirin, benoxaprofen, benzofenac, bucloxic acid, butibufen, carprofen, 
cicloprofen, cinmetacin, clidanac, clopirac, diclofenac, etodolac, fenbufen, fenclofenac, 
fenclorac, fenoprofen, fentiazac, flunoxaprofen, furaprofen, flurbiprofen, furobufen, 
furofenac, ibuprofen, ibufenac, indomethacin, indoprofen, isoxepac, ketorolac, 

15 ketroprofen, lactorolac, lonazolac, metiazinic, miroprofen, naproxen, oxaprozin, oxepinac, 
phenacetin, pirprofen, pirazolac, protizinic acid, sulindac, suprofen, tiaprofenic acid, 
tolmetin, zomepirac, tolrestat, lisinopril, statil, retinoic acid, methotrexate, mitomycin, 
urokinase, streptokinase, cephaloridine, chloramphenicol, clindamycin, tobramycin, 
penicillin, ampicillin, erythromycin, streptomycin, neomycin, cyclosporine A, cyclosporine 

20 G, TGF-p, TGF-P2, TNF-a, TNF-p, bFGF, and <x-2a interferon, anti-FGF antibody, anti- 
VEGF antibody, FGF antisense, VEGF antisense, VEGF receptor blockers, cysteine 
analogs, terilazad mesylate, angiostatin, endostatin, memantine, Cerestat, Batimastat, 
Marimastat, superoxide dismutase, GEM-antisense compounds, Lexipafant, nanoparticles, 
adeno viral vectors, adeno-associated viruses, retrovirus vectors, picorna viral vectors, 

25 liposomes, cationic lipid systems and protein/nucleic acid complexes. 
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One advantage of the present invention is the ability to vtse enzyme- 
unstable agents. Because the sclera is avascular, enzymes that would normally attack and 
degrade certain proteins and other agents if placed intraocularly, will not generally reach 
the intrascleral depot formed by the present invention. 

5 The active agent can be combined with a suitable carrier or diluent, if 

needed, as is well known in the art and includes aqueous as well as non-aqueous systems. 
The composition used in the present invention contains no physiologically or 
ophihalmically harmful constituents. Typically purified or deionized water is used. The 
pH is adjusted as needed by adding any physiologically and ophthalmically acceptable pH 

10 adjusting acids, bases or buffers. Examples of acids include acetic, boric, citric, lactic, 
phosphoric, hydrochloric, and the like, and examples of bases include sodium hydroxide, 
sodium phosphate, sodium borate, sodium citrate, sodium acetate, sodium lactate, 
tromethamine, THAM (trishydroxymethylamino-methane), and the like. Salts and buffers 
would include citrate/dextrose, sodium bicarbonate, ammonium chloride and mixtures of 

15 the aforementioned acids and bases. The pH is typically in the neutral range such as from 
about 6 to about 8, but is not limited thereto. Non-aqueous systems include the use of 
known ophthalmically acceptable oils such as polyethylene glycols and silicone oils. The 
active agent can be in solution, in suspension, or both. If the active agent is in solid form, 
its particle size should be sufficiently limited to permit injection (e.g., the agent is able to 

20 pass through a cannula) and so as not to cause irritation to the eye once injected. 

In a preferred embodiment, the composition contains a component that 
facilitates or improves the sustained release of the active agent as is known in the art. For 
example, incorporating a polymeric suspending agent can provide or enhance sustained 
release. The polymer should be biodegradable or biocompatible such that it can be cleared 

25 from the eye by natural transport effects. The active ingredient can be incorporated into 
the polymer matrix, adsorbed on the polymer surface, encapsulated within a polymer 
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coating, etc. as are well known in the art. Examples of suitable polymer include water- 
soluble polymers such as dextran, polyethylene glycols, polyvinylpyrolidones, 
polysaccaride gels, Gelrite®, cellulosic polymers like hydroxypropyl methylcellulose and 
carboxymethylcellulose, hyaluronic acid polymers, and poly(lactic acid) and copolymers of 
lactic acid and one or more of glycolic acid, malic acid, glyceric acid, and tartaric acid. 
Carboxy-containing polymers such as uncrosslinked polyacrylic acids and copolymers 
thereof are also useful as suspending agents for insuring sustained release. Crosslinking is 
permissible only to the extent that the polymer can clear; Le., crosslinking generally 
prevents biodegredation and thus the entire polymer must be susceptible of being cleared 
from the eye. Other forms include liposomes and lipid emulsions. 

The composition should contain a sufficient amount of active ingredient to 
achieve the desired effect as can be readily determined by workers skilled in the art. In 
general, the solubility of the active ingredient in water and the concentration of the active 
ingredient needed in the tissue, guide the amount and rate of release of the agent. It 
should be borne in mind that the sclera is a depot of limited size and the concentration of 
the agent may need to reflect this. In general the amount of material to be injected is at 
least 0.1 |il, typically from around 0.1 to 25 pi, more typically from about 1 to 25 pi, such 
as from about 3 to about 25 pi or from about 3 to 10 pi. If more material is needed then 
can be practically delivered in a single injection, then multiple injections can be performed; 
i.e., injecting 6 pi of therapeutic material in three different sites within the sclera during a 
single office visit. 

Other components of the therapeutic material include solubilizers, 
stabilizers, preservatives, and other ingredients as are well known in the ophthalmology 
art. If the composition is supplied as a ready to inject single dose, then a preservative is 
typically omitted. The composition can be provided as a frozen liquid or as a lyophilized 
powder for reconstituting. 
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Diagnostic materials include gases and dye solutions. Fe*-example, a gas 
such as nitrogen, air, or other inert gas, can be supplied in order to inflate the area and aid 
in some types of diagnostic procedures; i.e., improving the image in an ophthalmoscope. 
Similarly, a dye can be injected in order to aid in diagnosing various conditions by 
5 providing higher contrast and/or a staining pattern. 

The present invention can be used to treat a variety of ocular diseases or 
conditions including, but not limited to, cystoid macular edema, age-related macular 
degeneration, diabetic retinopathy, diabetic maculopathy, central retinal artery occlusion, 
central retinal vein occlusion, branch retinal artery occlusion, branch retinal vein occlusion, 

10 retinopathy of prematurity, sickel cell retinopathy, photic retinopathy, radiation 

retinopathy, retinal detachment, retinitis pigmentosa, macular hole, cataract, and glaucoma 
as well as accidental or surgically induced trauma to the eye. Suitable therapeutic 
materials, known for treatment of an ocular disease or condition, especially a retinal 
disease or condition, can be injected into the sclera in close proximity to the affected site 

15 by the present invention to thereby provide effective treatment and enhanced delivery. 

For example, one embodiment of the invention relates to treating 
neovascular diseases of the eye, such as diabetic retinopathy, macular degeneration, and 
neovascularization of the retina or choroid, by injecting into the sclera, through a location 
on the exterior surface of the sclera that overlies retinal tissue, an effective 

20 neovascularization reducing or preventing amount of an anti-angiogenesis agent. Such 
agents are described above and are generally well known in the art, including 
metalloproteinase inhibitors, vascular endothelium growth factor regulating agents, FGF 
regulating agents, integrin blockers, and protein kinase C inhibitors. The VEGF 
regulating agents include, without limitation, VEGF, antisense compounds thereof, 

25 antibodies thereof, and antibody fragments thereof having anti-angiogenesis activity. 
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Antioxidants are also a highly useful class of compounds for treating thase types of 
diseases. 

With regard to macular degeneration, it is preferred that the insertion site is 
over the macula or in its immediate vicinity (e.g., more than 45 degrees posterior to the 

5 equator). More preferably, the insertion and injection steps provide at least a portion of 
the intrascleraUy injected therapeutic material overlying the macula. The material to be 
injected can be any macular degeneration treating material. The "macular degeneration 
treating material'* embraces substances that seek to relieve the symptoms of the disease, 
counteract the cause(s) of the disease or offset the disease by regenerating cells. 

10 Specifically contemplated active agents include the above anti-angiogenesis compounds of 
VEGF, an antisense compound of VEGF, an antibody of VEGF, a fragment of an 
antibody of VEGF, triplex nucleic acids of VEGF, a receptor blocker for VEGF, 
ribozymes for VEGF, telomerase, genes encoding for telomerase, and gene therapy 
vectors including nanoparticles, adeno viral vectors, adeno-associated viruses, retrovirus 

15 vectors, picorna viral vectors, liposomes, cationic lipid systems and protein/nucleic acid 
complexes, as well as antioxidants. 

Another embodiment is treating cataracts. Although the disease manifests 
in the anterior segment, its root cause may lie in the posterior segment. Providing an 
antioxidant into the posterior segment can prevent or reduce cataracts. Here a preferred 

20 antioxidant is a 21-aminosteroid such as a lazaroid. 

The following examples serve to illustrate the materials that can be injected 
by the present invention and should not be considered to limit the scope of the present 
invention. 

25 

Example 1 

An injectable therapeutic material containing the PAF antagonist 
Lexipafant (BB-882) is prepared as follows. In a 250-ml beaker, about 50 g of DI water 
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is added and heated up to 80-90°C on a hot plate while stirring with a magnetic stir bar. 
HPMC is dispersed into the hot water and stirred for 15 min. followed by cooling to RT 
while stirring. 10 g of room temperature water is then added to the polymer and stirred 
for 10 min. In a separate container, Pluronic F-127 and sorbitol are dissolved in 20 g of 

5 Dl water. Glycerin is then added to the Pluronic F-127 solution and stirred until dissolve 
completely. The Pluronic F-127 solution is then added to the polymer suspension and 
stirred for 10 min. BB-882, dissolved in IN HQ solution, is then added to the polymer 
mixture with stirring for 10 min. The pH of the resulting polymer mixture is adjusted to 
about 7.4 with 2N NaOH, stirred for 10 min., and then brought to 100% with q.s. of DI 

10 water. The formulation may be made sterile by heating the formulation to 123°C for 30 
minutes and sterile filtering the drug, NaOH, and residual water after heating. The 100 
grams of material is summarized in the following table: 



COMPOSITION 


% (Wt/Wt) 


BB-882 


1.0 


Hydroxylpropyl Methylcellulose, Type 2910, USP 


2.5 


Sorbitol, USP 


1.5 


Glycerin, USP 


1.0 


Pluronic F-127, NF 


1.0 


Hydrochloric Acid, (IN solution) 


5.0 


Sodium Hydroxide, NF, 2N for pH adjustment 


q.s. to pH 7.4 


Purified Water, USP 


q.s. 



15 Total weight: 100 grams 
Example 2 

In a manner similarly to that set forth in Example 1, the following materials 
20 can also be made: 
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COMPOSITION 


%-fWt/Wt) 


BB-882 


0.1 


Hydroxylpropyl Methylcellulose, Type 2910, USP 


2.5 


Sorbitol, USP 


1.5 


Glycerin, USP 


0.2 


Edetate Disodium, USP 


0.10 


Sodium Chloride, USP 


0.32 


Sodium Hydroxide, NF, 2N for pH adjustment 


q.s. to pH 6 


Purified Water, USP 


q.s. 



Total weight: 100 grams 



5 Example 3 

In a manner similarly to that set forth in Example 1, the following materials 
can also be made: 



COMPOSITION 


% (Wt/Wt) 


Diclofenac Na, USP 


0.1-1.0 


Hydroxylpropyl Methylcellulose, Type 2910, USP 


2.5 


Mannitol, USP 


1.5 


Sodium Chloride, USP 


0.21 


Poloxamer 407, NF 


0.05 


Boric Acid, USP 


0.5 


Magnesium Chloride, USP 


0.05 


Sodium Hydroxide, NF, 2N for pH ad justment 


q.s. to pH 6 


Purified Water, USP 


q.s. 



10 

Total weight: 100 grams 
Example 4 

Lazaroids are known to be potentially useful in treating a variety of ocular 
15 ischemic diseases such as glaucoma and diabetic retinopathy. Suitable formulations may 
be generally formulated as follows. 0.005 grains of the aminosteroid is dissolved into a 
saline solution formed of 0.9 grams of sodium chloride dissolved in intravenous grade 
water. The pH is then adjusted to 7.4 with NaOH and the total weight adjusted with 
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water to 100 grains. The mixture is then sterilized. Alternatively, if the-aminosteroid is 
not a powder, but is a lipid emulsion or in a liposome, it can be dispersed in the saline 
solution. A suspension can be made by adding hyaluronic acid such as sodium 
hyaluronate, or other suitable polymer, typically about 1.0 grams and with an increase in 
the amount of the agent, such as to 0.05 grams. The suspension need only remain 
sufficiently viscous to allow injection. Suitable aminosteroids include U-74006F, U- 
74500A, and U-75412A. 

Another formulation is to slowly add 10 grams of U-74006F to 950 ml of 
pure water having 20 millimoles of citric acid under an inert atmosphere and with stirring. 
Three millimoles of sodium citrate and 8 millimoles of sodium chloride are added with 
stirring until a clear solution is obtained. The solution can then be sterilized. 

Example 5 

An injectable therapeutic material containing Batimastat (BB-94) is 
prepared as follows. In a 250-ml beaker, about 50 g of DI water is added and heated up 
to 80-90°C on a hot plate while stirring with a magnetic stir bar. HPMC is dispersed into 
the hot water and stirred for 15 min. followed by cooling to RT while stirring. 10 g of 
room temperature water is then added to the polymer and stirred for 10 min. In a separate 
container, Pluronic F-127 and sorbitol are dissolved in 20 g of DI water. Glycerin is then 
added tothe Pluronic F-127 solution and stirred until dissolve completely. The Pluronic 
F-127 solution is then added to the polymer suspension and stirred for 10 min. BB-94 is 
then added to the polymer mixture with stirring for 10 min. The pH of the resulting 
polymer mixture is adjusted to about 6.0 with 2N NaOH, stirred for 10 min., and then 
brought to 100% with q.s. of DI water. The formulation maiy be made sterile by heating 
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the formulation to 123°C for 30 minutes and sterile filtering the drug, NaOH, and residual 
water after heating. The 100 grams of material is summarized in the following table: 



COMPOSITION 


% (Wt/Wt) 


BB-94 


0.3 


Hydroxylpropyl Methylcellulose, Type 2910, USP 


2.5 


Sorbitol, USP 


1.5 


Glycerin, USP 


1.0 


Pluronic F-127, NF 


1.0 


Sodium Hydroxide, NF, 2N for pH adjustment 


q.s. to pH 6.0 


Purified Water, USP 


q.s. 



Total weight: 100 grams 



Example 6 

An injectable Adeno virus vector (AW) at a titer of 1 to 5 x 10 s /ml in 
phosphate buffered saline is prepared as follows. The AW is prepared by diluting a 
concentrated solution of virus using phosphate buffered saline, pH 7.0, such that 20 
microliters contains a multiplicity of infection of 0.2 to 0.6 virus particles/pigmented 
retinal epithelial cell. 



The invention having been thus described, it will be obvious that the same 
may be varied in many ways without departing from the scope and spirit of the invention 
as defined by the following claims. 
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We claim: 

1 . A method of intrascleral injection, which comprises: 

injecting into the scleral layer of an eye through a location on the exterior surface 
of the sclera that overlies retinal tissue an effective amount of a therapeutic or diagnostic 
material. 

2. The method according to claim 1, wherein the amount of material injected is at 
least 0. 1 pi. 

3. The method according to claim 1 , wherein the material comprises a 
pharmaceutically active agent and an ophthalmically acceptable carrier. 

4. The method according to claim 3, wherein said ophthalmically acceptable carrier is 
water or oil. 

5. The method according to claim 3, wherein said pharmaceutically active agent is 
selected from the group consisting of metalloproteinase inhibitors, vascular endothelium 
growth factor regulating agents, fibroblast growth factor regulating agents, integrin 
blockers, protein kinase C inhibitors, endogenous angiogenesis inhibitors, calcium channel 
blockers, NMDA receptor antagonists, AMPA receptor antagonists, antioxidants, 
peroxidation inhibitors, apoptosis inhibitors, adenosine or adenosine regulating agents, 
nitric oxide regulating agents, anti-inflammatory agents, antiviral agents, antibiotics; 
antitumor agents, anti-cataract agents, anti-glaucoma agents, anesthetics, antibodies and 
fragments thereof, antisense compounds, ribozymes, and triplex nucleic acids. 
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6. The method according to claim 3, wherein said material furthercomprises a 
biodegradable polymer matrix. 



7. The method according to claim 1, wherein said injection is made posteriorly to the 
equator of the eye. 

8. The method according to claim 7, wherein said location on the exterior of the 
sclera through which said injection is made substantially overlies the macula or its 
immediate- vicinity. 

9. The method according to claim 1, which further comprises inserting a cannula into 
said sclera and carrying out said injecting step by transmitting said material through the 
cannula into said scleral layer. 

10. The method according to claim 9, wherein said cannula is inserted into said scleral 
layer in a substantially rotational direction. 

11. The method according to claim 9, wherein said cannula is inserted into said scleral 
layer a distance greater than the thickness of the sclera at the location of insertion. 

12. JJhe method according to claim 9, wherein said insertion is carried out using a 
guided injection device. 

13. The method according to claim 9, wherein said cannula is inserted at an insertion 
angle of less than about 60 degrees. 
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14. The method according to claim 13, wherein said cannula is inserted at an insertion 
angle of from about 20 to 40 degrees. 

15. The method according to claim 9, wherein said cannula is inserted in a fail safe 
orientation. 

16. The method according to claim 9, wherein the material is injected at a rate of from 
about 0. 1 to about 3.0 pl/s. 

17. The method according to claim 16, wherein the amount of material injected is 
within the range of about 3 to about 25 

18. The process according to claim 9, wherein said material is injected into said scleral 
layer under sufficient force that at least a portion of said material is propelled through said 
scleral layer. 

19. The method according to claim 18, wherein the material is injected at a rate of at 
least 4 (il/s. 

20. The method according to claim 18, wherein said material comprises a colloidal 
suspension. 

21. The method according to claim 20, wherein said colloidal suspension comprises 
particles ranging in size from 50 to about 150 nanometers. 
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22. The method according to claim 9, further comprising, making a»-incision in a 
conjunctival layer and passing said cannula through said incision, prior to said insertion 
step into the scleral layer. 

23. The method according to claim 1, wherein said material is injected into said scleral 
layer by needle-less injection. 

24. The method according to claim 23, wherein said material is accelerated so as to 
impact said location on the exterior surface of the sclera at sub-sonic speeds. 

25. The method according to claim 23, wherein said material is a liquid or a particulate 
suspension whose particles are not more than about 40 nanometers. 

26. The method according to claim 23, wherein a portion of said material is conveyed 
into and through said scleral layer. 

27. The method according to claim 26, wherein a majority of said material is conveyed 
into, through and out the interior surface of said scleral layer. 

28. The method according to claim 1 , further comprising repeating said injecting step 
through one or more locations on said scleral layer. 

29. The method according to claim 1 , wherein said eye is suffering from an ocular 
disease and said material is a therapeutic material effective for treating said disease. 

30. The method according to claim 29, wherein said disease is selected from the group 
consisting of cystoid macular edema, age-related macular degeneration, diabetic 
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retinopathy, diabetic maculopathy, central retinal artery occlusion, centraf retinal vein 
occlusion, branch retinal artery occlusion, branch retinal vein occlusion, retinopathy of 
prematurity, sickel cell retinopathy, photic retinopathy, radiation retinopathy, retinal 
detachment, retinitis pigmentosa, macular hole, cataract, and glaucoma. 

3 1 . The method according to claim 30, wherein said disease is diabetic retinopathy and 
said therapeutic material comprises an anti-angiogenesis agent. 

32. The method according to claim 30, wherein said disease is glaucoma. 

33. A method for treating posterior ocular tissue, which comprises: 

forming a depot of a therapeutic material within the sclera of an eye at a location that 
overlies retinal tissue, wherein said therapeutic material diffuses over time through said 
sclera and into the underlying tissue or tissues in an effective amount. 

34. A method for treating ocular tissue, which comprises: 

propelling a diagnostic or therapeutic material through at least a portion of a scleral layer 
and into at least the underlying choroidal or retinal tissue. 

35. The method according to claim 34, which further comprises inserting a cannula 
through allocation on the exterior surface of the sclera that overlies retinal tissue into the 
scleral layer and injecting said material through said cannula and into said scleral layer with 
sufficient force that a portion of said material is propelled the remainder of the way 
through said scleral layer and onto the underlying choroidal or retinal layers. 
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36. A method for treating macular degeneration, which comprises injecting an effective 
macular degeneration treating amount of a macular degeneration treating material into the 
sclera of an eye in need of treatment thereof through a location on the exterior surface of 
the sclera that overlies retinal tissue. 

37. The method according to claim 36, wherein said macular degeneration treating 
material is selected from the group consisting of antisense compounds of VEGF, 
antibodies of VEGF, a fragment of an antibody of VEGF, triplex nucleic acids of VEGF, 
receptor blockers for VEGF, ribozymes for VEGF, telomerase, genes encoding for 
telomerase, nanoparticles, adeno viral vectors, adeno-associated viruses, retrovirus 
vectors, picorna viral vectors, liposomes, cationic lipid systems and protein/nucleic acid 
complexes, and antioxidants. 

38. The method according to claim 36, wherein said agent is injected into a portion of 
the sclera that substantially overlies the macula or its immediate vicinity. 

39. A method for treating a condition in the eye involving neovascularization, which 
comprises injecting into the sclera, through a location on the exterior surface of the sclera 
that overlies retinal tissue, an effective neovascularization reducing or preventing amount 
of an anti-angiogenesis agent. 

40. The method according to claim 39, wherein said agent is selected from the group 
consisting of metalloproteinase inhibitors, VEGF regulating agents, FGF regulating 
agents, integrin blockers, and protein kinase C inhibitors. 

41 . The method according to claim 39, wherein said condition is diabetic retinopathy. 
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Device Drug Delivery 
to the Eye 

Collagen Shields, Iontophoresis, and Pumps 

MURRAY L. FRIEDBERG, MD, UWE PLEYER, MD, BARTLY J. MONDINO, MD 



Abstract: Externa! devices have been used to enhance drug delivery. This 
article reviews the role of collagen shields, iontophoresis, and pumps used to 
deliver ophthalmic medications. Collagen shields have been used to deliver 
drugs and promote corneal epithelial healing. Presoaked collagen shields deliver 
many drugs to the eye as well as or better than traditional methods such as 
frequent topical therapy or subconjunctival injection, The efficacy of drug delivery 
by collagen shields was demonstrated in animal models of graft rejection and 
bacterial keratitis. Iontophoresis uses an electrical current to carry an ionized 
drug across tissue. Transcorneat iontophoresis delivers high concentrations of 
a drug to the anterior segment of the eye. Transscleral iontophoresis bypasses 
t h e lens-iris diaphragm and produces adequate vitreous levels. Pumps deliver 
fluid to the eye for extended periods of time via a tube with its distal opening 
in the conjunctival sac. corneal stroma, anterior chamber, or vitreous cavity. 
Clinical acceptance of the collagen shield for drug delivery to the anterior seg- 
ment is better than iontophoresis or pumps, probably because the collagen 
shield is simpler and more convenient to use. 
Ophthalmology 1991; 98:725-732 



Drug delivery to the eye depends on many factors that 
include concentration of the drug, the contact time at the 
corneal surface, and the chemical nature of the compound. 
These variables have been manipulated to enhance the 
penetration of drugs. For example, fortified topical anti- 
biotics increase tho^oncentration of the drug applied to 
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the eye. Ointments and subconjunctival injections may 
prolong contact time. Lipophilic compounds more easily 
cross the lipid-rich epithelial and endothelial cell mem- 
branes, whereas hydrophilic compounds more easily cross 
the corneal stroma. Biphasic compounds which possess 
both lipid and water solubility penetrate all corneal layers. 
External devices also have been used to enhance drug 
delivery. This article reviews the role of collagen shields, 
iontophoresis, and pumps used to deliver ophthalmic 
medications. 



COLLAGEN SHIELDS 



The collagen shield is shaped like a contact lens. It is 
packaged in a dehydrated form and is rehydrated before j 
application. Multiple base curves are not needed because j 
the shield conforms to the shape of the cornea. The Bio- ! 
Cor collagen shield (Bausch and Lomb, Rochester, NY) 
has been the most widely studied, and is made of porcine 
scleral collagen. Variations in collagen cross-linking in- 
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Table 1. Available Collagen Shield Products 



Brand Name 


Manufacturer 


Collagen 
Source 


Diameter 
(mm) 


Base Curve 
(mm) 


Water Content 
~ (%) 


Duration 
(hrs) 


Bio-Cor 
MediLens 
Collagen Shield 


Bausch and Lomb 

Chiron 

Chiron 


Porcine sclera 
Bovine corium 
Bovine corium 


14.5 
16.0 
14.0 


9.0 
8.8 
9,1 


65.7 
83.0 
80.0 


12, 24, 72 
24 
24 



duced by ultraviolet irradiation during manufacturing 
produce shields lasting approximately 12, 24, or 72 hours. 
The lens is approximately 0. 1 5 to 0. 1 9 mm thick centrally, 
14.5 mm in diameter, and has a base curve of 9.0 mm. 1 
The water content is 63 to 65.7%, and the oxygen per- 
meability is comparable with a hydroxy ethyl-methacry- 
Jate (HEMA) lens of similar water content. 1,2 A compar- 
ison of this collagen shield to other available lenses is pre- 
sented in Table 1. 

Collagen shields have been used to promote corneal 
epithelial healing and to deliver drugs. The mechanical 
properties of the shield protect the corneal epithelium 
from the action of the eyelids, and the collagen in the lens 
may have a beneficial effect on healing. In addition, shields 
lasting up to 72 hours may provide a more convenient 
method of corneal protection than repeated patching. 

Methods for delivering ocular drugs include frequent 
topical application, subconjunctival injection, or both. 
Frequent topical application can be labor-intensive and 
irritating, whereas subconjunctival injections can be 
painful for the patient and inconvenient for the physician. 
A device, such as the collagen shield, that delivers ther- 
apeutic levels of medication reliably with a minimum 
number of applications benefits both patients and 
ophthalmologists. For example, postoperative antibiotics 
can be delivered by a presoaked collagen shield applied 
at the completion of cataract or corneal surgery. 3,4 Of the 
drug delivery devices described in this article, only collagen 
shields are used in routine clinical practice. 

Drug delivery by collagen shields is dependent on ab- 
sorption and subsequent release of the medication by the 
shield. When a solution. containing a water-soluble drug 
is used for rehydrationTthe drug becomes trapped in the 
interstices of the collagen matrix. Some drugs may un- 
dergo reversible binding to collagen. 5,6 As the shield dis- 
solves, it releases the drug. Shields soaked in water-soluble 
drugs produced corneal and aqueous levels comparable 
with frequent topical therapy. 6,7 Similar results were ob- 
tained for water-insoluble drugs such as cyclosporine. 8 
However, this agent had to be incorporated into the shield 
at the time of manufacturing. 

Drug delivery by collagen shields has been studied in 
three types of experiments. First, in vitro studies measured 
the absorption of drugs by collagen shields and charac- 
terized their release into solution. 6,9 * 10 Second, corneal and 
aqueous levels of drugs delivered by collagen shields 
were compared with conventional therapy in rabbit 
models. 6 " 8,10 " 14 Finally, the therapeutic potential of col- 
lagen shields was studied in animal models of graft 
rejection 15 and keratitis. 9,16 



IN VITRO ABSORPTION AND RELEASE STUDIES 

Saturation of the shield occurs rapidly after placement 
of the lens in a drug-containing solution. 10 The concen- 
tration of tobramycin absorbed by the shield was not sig- 
nificantly different when soaked for 10 minutes or 2 hours. 
However, the amount of medication absorbed was greater 
for shields soaked in the more concentrated solution. 
Shields immersed in tobramycin 4% solution absorbed 
approximately 800 /ig of medication, 9 * 10 and those in a 
20% solution absorbed 5525 ^g. 10 

The ability of a presoaked collagen shield to release 
gentamicin and vancomycin individually and in combi- 
nation was investigated. 6 For gentamicin, the majority of 
the drug was released within the first 30 minutes of elution. 
Vancomycin was released more slowly over 6 hours. 
Vancomycin may have exhibited a sustained release due 
to reversible binding with collagen. Serum studies showed 
that 55% of parenterally administered vancomycin binds 
to serum proteins as opposed to 10% for gentamicin. 17 

CORNEAL PENETRATION STUDIES 

Drug delivery to the anterior segment of rabbit eyes 
using collagen shields has been compared with conven- 
tional therapy (Table 2). Extrapolation of data collected 
in rabbits to humans is limited by differences in tear vol- 
ume, blink rate and corneal thickness. 1819 Comparisons 
of collagen shields with topical therapy, topical therapy 
in the presence of a therapeutic soft contact lens, and 
subconjunctival injection have demonstrated that shields 
provide equal or better drug delivery to the anterior seg- 
ment. Collagen shields have been used to deliver anti- 
bacterial, antifungal, anti-inflammatory, immunosup- 
pressive, and anticoagulant agents to the eye. 

The prolonged exposure time of medication to the cor- 
nea provided by a presoaked shield may produce higher 
tissue levels than a single drop that is rapidly carried away 
by the tears. Hwang et al 7 demonstrated that a collagen 
shield presoaked in dexamethasone alcohol provided sig- 
nificantly higher corneal and aqueous levels and greater 
cumulative drug delivery than a single drop of the drug. 
A presoaked collagen shield was placed on the right eye 
of a rabbit, and a single <irop of 0. 1% dexamethasone was 
instilled into the left eye. The eyelids were taped to prevent 
loss of the collagen shield. Animals were killed at intervals 
over the 6-hour experiment, both the collagen shield and 
the single 50-fd drop carried 50 of dexamethasone. 
However, a 50-/d drop may be too' large for the conjunc- 
tival sac resulting in loss of medication by overflow. Peak 
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Table 2. Studies of Collagen Shield Drug Delivery 



Reference 



Drug 



Compared with CS 



Assay Site 



Overall Result 



Phinneyet aM988 
Phinney et al 6 1988 



O'Brien et al 11 1988 
Unterman et al 10 1988 

Hwang et al 7 1989 



Hwang et al 7 1989 

Hwang et al 7 1989 

Sawusch et al 13 1 989 • 
Schwartz et al 12 1990 
Reidy et al B 1990 
Murray et al t4 1990 



Genlamicin 



Vancomycin 



Tobramycin 
Tobramycin 

Dexamethasone 



Dexamethasone 
Oe*ameihasone 

Prednisolone 
Amphotericin B 
Cyclosporin A 
Heparin 



Loading dose + frequent 
drops 

Loading dose + frequent 
drops 

Soft contact lens 
Subconjunctival injection 

Single drop 



Frequent drops 



CS + frequent drops versus 
frequent drops 



Single drop 
Frequent drops 
Frequent drops 
Subconjunctival injection 



Tears 

Cornea 

Aqueous 

Tears 

Cornea 

Aqueous 

Aqueous 

Cornea 

Aqueous 

Cornea 

Aqueous 

Iris 

Vitreous 
Cornea 
Aqueous 
Iris 

Vitreous 
Cornea 
Aqueous 
Iris 

Vitreous 

Cornea 

Aqueous 

Cornea 

Aqueous 

Cornea 

Aqueous 

Aqueous 



CS comparable at all sites 



CS comparable at all sites 



CS superior 

CS comparable at both sites 
CS superior at all sites 



CS superior at all sites 

CS superior at all sites 

CS superior at both sites 

CS comparable at both sites 

CS superior 
CS comparable 
CS superior 



CS = collagen shield. 

tissue levels occurred within 1 hour in both groups. Similar 
results for prednisolone acetate were found in studies per- 
formed by Sawusch et al. 13 

Hwang et al 7 also used a collagen shield as a reservoir 
for hourly topical therapy. Higher corneal and aqueous 
levels of dexamethasone alcohol were obtained when 
hourly topical therapy was administered to eyes wearing 
a presoaked collagen shield than to those without a shield. 

Topical tobramycinwas applied to rabbit corneas with 
either a presoaked 1 2-hour collagen shield or a low water 
content hydrogel contact lens in place. 11 Aqueous levels 
were significantly higher in the shield-treated group. A 
therapeutic contact lens has been shown to absorb drugs 
and subsequently release the medication to the tear film. 
Thicker, higher water content lenses delivered more drug 
than thinner, lower water content lenses. Hydroxyethyl- 
methacrylate lenses release the drug rapidly, and pro- 
longed delivery does not occur. Hydrogel lenses can be- 
come tight and get "stuck on." 

Subconjunctival therapy has been used clinically to ad- 
minister depots of corticosteroids and antibiotics to obtain 
a prolonged delivery of drug. The medication may slowly 
leak out of the conjunctival needle hole, providing a con- 
tinuous flow of drug to the corneal surface, or enter the 
eye by direct penetration through the sclera. The latter 
route circumvents the problem of crossing the corneal 
epithelium. Corneal levels of tobramycin in eyes treated 



with presoaked shields were greater than those receiving 
a single subconjunctival injection. 10 Aqueous levels were 
comparable. 

Cyclosporin A (CsA) is poorly soluble in water. Many 
vehicles have been used to enhance delivery including 
vegetable oils. Corneal and aqueous levels of CsA were 
studied by Reidy et al 8 using shields with CsA incorporated 
into them at the time of manufacturing. Each shield con- 
tained 4 mg of CsA, which was the maximum amount 
that could be incorporated. Controls were treated with 
topical CsA in olive oil, making an equivalent cumulative 
dose available to the eye. Corneal and aqueous levels for 
the shield-treated group were greater than or equal to the 
control group at all time intervals studied. Levels in 
aqueous were in the range considered to be adequate to 
suppress graft rejection 21 based on the blood levels needed 
to suppress rejection in organ transplants. 22 

The studies described above used corneas with intact 
epithelium. Phinney et al 6 studied the delivery of genla- 
micin and vancomycin by collagen shields in corneas with 
central epithelial defects to simulate corneas with central 
bacterial ulcers. Since both drugs are polar hydrophobic 
compounds, removal of the epithelial barrier should in- 
crease penetration. Peak lef els of gentamicin in the cornea 
occurred at 30 minutes corresponding to the rapid release 
of gentamicin from collagen shields demonstrated by in 
vitro elution studies. Nearly 95% of the drug was released 
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Table 3. Studies of Collagen Shield Drug Delivery in Rabbii Models of Disease 



Reference 



Chen et ai 15 1990 



Hobdenetal 9 1988 



Sawusch et al 16 198B 



Experimental Model 



Drug 



Compared with CS 



High-risk keratoplasty Cyclosporin A 



Pseudomonas 
keratitis 



Pseudomonas 
keratitis 



Tobramycin 



Tobramycin 



Drops 
Drops 

Frequent drops 

CS + delayed drops versus 

second CS 
CS + Irequent drops versus 

frequent drops 



Result 



Superior preventive effect on graft 
rejection 

Superior therapeutic effect on graft 

rejection 
Comparable antimicrobial effect 

Comparable antimicrobial effect 

Enhanced antimicrobial effect with CS 



CS = collagen shield. 



by 30 minutes. Vancomycin was released more slowly 
with peak corneal levels occurring at 3 hours, which also 
was consistent with in vitro elution data. When gentamicin 
and vancomycin were combined, similar kinetics were 
found. For tears, cornea, and aqueous, levels delivered by 
presoaked shields were superior or comparable with hourly 
topical therapy. At 6 hours, both regimens demonstrated 
gentamicin levels higher than the therapeutic range often 
used to define an organism's sensitivity to this antibiotic. 

In addition to antibiotics, the antifungal, amphotericin 
B, has been evaluated. 12 In a rabbit model with central 
corneal epithelial defects, shields soaked in amphotericin 
B were compared with hourly topical therapy. Corneal 
levels for the shield-treated group were comparable with 
the drop-treated group. 

Postoperative anterior chamber fibrin exudation can 
complicate vitrectomy. The ability of heparin to inhibit 
aqueous fibrin activity was studied. 14 Delivery of heparin 
by a presoaked collagen shield was compared with sub- 
conjunctival injection. Maximum aqueous heparin activ- 
ity occurred at 30 minutes for the shield-treated group, 
corresponding closely to the peak corneal and aqueous 
heparin levels measured in penetration studies. Subcon- 
junctival delivery of heparin was not associated with sig- 
nificant aqueous heparin activity. 

DRUG DELIVERY IN ANIMAL MODELS OF 
DISEASE 

The therapeutic potential of corneal shields has been 
studied in animal models of disease (Table 3). Rabbit cor- 
neas injected intrastromally with Pseudomonas aerugi- 
nosa were treated with tobramycin. 9 Corneal tissue was 
removed at predetermined intervals, and homogenates 
were evaluated quantitatively for viable organisms. Bac- 
terial counts were performed by a masked observer. 
Shields rehydrated in 4% tobramycin were as effective in 
reducing the number of bacteria as 4% drops applied every 
30 minutes in a 4-hour trial. There was no significant 
difference in the number of viable organisms remaining 
in corneas treated with a collagen shield presoaked in dis- 
tilled water and eyes receiving no treatment. Animals re- 
ceiving therapy with a collagen shield were sedated and 
their eyelids were taped to prevent loss of the shield. It is 



not known whether sedation and eyelid closure would 
influence the results of the experiment. 

In a second study, 9 addition of topical tobramycin to 
collagen shields in situ was as effective as replacing the 
shield with a second shield rehydrated in tobramycin. This 
study also demonstrated the greater efficacy of shields 
compared with frequent drop therapy. The bacterial 
eradication produced by half-hourly drop therapy totaling 
18 mg of tobramycin available to the eye was no greater 
than that obtained with a shield containing 800 \ig of 
drug. 

Chen et al 15 compared collagen shields impregnated 
with CsA with topical CsA in olive oil in a high-risk rabbit 
model of corneal allograft rejection. In the first experi- 
ment, CsA was given immediately after transplant to pre- 
vent graft rejection. Ninety percent of the shield-treated 
group remained clear for the 120-day trial. Only 20% of 
the drop-treated grafts survived. In the second experiment, 
CsA was withheld until early graft rejection was present. 
Mean survival time of grafts subsequently treated with 
CsA-impregnated shields was nearly 250% greater than 
grafts treated topically with CsA. Results of histopatho- 
logic examination of the failed grafts demonstrated a less 
intense rejection reaction with fewer T lymphocytes and 
HLA class II expressing cells in the shield-treated group. 

COMBINING DRUGS IN COLLAGEN SHIELDS 

An antibiotic and a corticosteroid are often injected in 
the subconjunctival space after routine intraocular sur- 
gery. However, subconjunctival injections can be painful 
at the conclusion of surgery, even after an adequate ret- 
robulbar anesthetic injection. Collagen shields have been 
used to deliver drugs after anterior segment surgery to 
avoid subconjunctival injections. 3,4 A recent clinical alert 
by the American Academy of Ophthalmology (Clinical 
Alert 1 1/1, AAO, November 9, 1990) reported patients 
who had epithelial sloughing and corneal edema after the 
application of a collagen shield previously soaked in both 
Solumedrol (40 mg/ml methylprednisolone sodium suc- 
cinate for injection) and Cfaramycin (40 mg/ml genta- 
micin sulfate injection). In vitro mixing of the two drugs 
produced an aggregate. It was unclear whether the aggre- 
gate damaged the cornea by causing chemical toxicity or 
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Table 4. A Comparison of Iontophoresis to Other Routes ol Drug Delivery in Rabbits 



Reference 


Drug 


Site of 
Delivery 


Lens 
Status 


Compared with IP 


von Sallmann 46 1942 


Sulfadiazine 


Transcorneal 


Phakic 


Sulfadiazine eye bath 


Witzel et al 30 1956 
Fishman et al 33 1984 


Tetracyclines 

Chloramphenicol 

Penicillin G 

Streptomycin 

Neomycin 

Erythromycin 

Gentamicin 


i ranscorneai 
Transcorneal 


Dho tr in 
r lldWU 

Aphakic 


Qtihrnnit inrtiual iniwtion 
ouuoui ijtii luiivai ihjguuum 

Gentamicin eye bath 


Hughes and Maurice 28 
1984 

Choi and Lee 36 1988 


Gentamicin 


Transcorneal 


Phakic 


Frequent drops 


Vancomycin 


Transscleral 
Transcorneal 


Phakic 


Subconjunctival injection 


Grossman and Lee 34 
1989 


Ketoconazole 


Transscleral 
Transcorneal 


Phakic 


Subconjunctival injection 



Assay 



Overall Result 



Cornea 

Aqueous 

Iris 

Vitreous 



IP superior at all sites 



Aqueous 


IP comparable 




ID tnfarinr 

ir inferior 




IP inferior 




iP superior 




IP superior 




IP inferior 


Cornea 


IP superior at both 


Aqueous 


sites 


Aqueous 


IP superior 


Aqueous 


IP inferior 


Vitreous 


IP superior 


Cornea 


IP superior 


Aqueous - 


IP superior 


Aqueous 


IP superior 


Vitreous 


IP comparable 


Cornea 


IP superior 


Aqueous 


IP comparable 



IP = iontophoresis. 

by mechanical abrasion. If subconjunctival injections are 
to be replaced by collagen shields, a compatible combi- 
nation of corticosteroid and antibiotic must be used. Also, 
the additional cost of collagen shields must be considered 
when they are used for postoperative drug delivery. 

Two antibiotics are commonly used in combination in 
the initial treatment of corneal ulcers for broad-spectrum 
coverage. Phinney et al 6 studied collagen shield delivery 
of gentamicin and vancomycin to the cornea and aqueous 
of rabbits. Combining both drugs in a collagen shield did 
not decrease delivery of either drug when compared with 
delivery of each drug separately, and therefore should 
provide broad-spectrum antibiotic coverage to the cornea. 
On the other hand, combining gentamicin and cefazolin 
in solution resulted inprecipitation, so that this combi- 
nation could not be incorporated into a collagen shield. 

Although certain combinations of drugs may be suc- 
cessfully absorbed and delivered by collagen shields, the 
drugs may not be compatible pharmacologically. The 
combination of an aminoglycoside such as gentamicin 
and a penicillin such as mezlocillin should be avoided 
because of inactivation of the aminoglycoside by the pen- 
icillin. 17 



IONTOPHORESIS 



Iontophoresis uses an electric current to carry an ion- 
ized drug across tissue. This is especially useful for polar 
fat-insoluble drugs such as gentamicin which cross cell 
membranes poorly. Ocular delivery requires currents of 



only 1 to 2 mA. Iontophoresis has been used to test for 
cystic fibrosis by delivering pilocarpine transcutaneous!^, 23 
to induce herpes simplex virus type 1 shedding by deliv- 
ering high concentrations of epinephrine to latently in- 
fected rabbit eyes, 24 * 25 to treat herpes orolabialis with vi- 
darabine monophosphate, 26 and to administer local an- 
esthetics to the outer ear canal and tympanic membrane. 
Iontophoresis has not gained wide acceptance because of 
unfamiliar equipment and electrical requirements avail- 
able. 

Corneal iontophoresis delivers high concentrations of 
a drug to the anterior segment of the eye. In phakic ani- 
mals, the lens-iris diaphragm limits penetration of a drug 
into the vitreous, whereas higher vitreous levels are 
achieved in aphakic animals. The lens-iris barrier can be 
bypassed by applying the current through the pars plana 
(transscleral iontophoresis), producing significant vitreous 
levels in phakic rabbits (Table 4). 

CORNEAL IONTOPHORESIS 

In the technique of corneal iontophoresis, 28 an eyecup 
which is filled with medication is placed over the cornea. 
A platinum electrode is positioned in contact with the 
solution. To drive electropositive drugs (cations) from the 
eyecup solution into the cornea, the positive pole of the 
circuit (anode) is connected to the eyecup electrode. The 
negative pole (cathode), which is the indifferent or ground 
electrode, is taped to the neck or ear of an animal or held 
in the hand of a human. For example, positively charged 
gentamicin will move from the positive pole in contact 
with the eyecup solution toward the negatively charged 
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ocular interior. If a system of similar polarity is used to 
deliver sodium sulfathiazole, the positively charged so- 
dium ions would be driven into the eye and not the neg- 
atively charged sulfathiazole ions. For proper delivery of 
a negatively charged ion, the negative pole must be con- 
nected to the eyecup. 

Hughes and Maurice 28 compared iontophoresis of flu- 
orescein and gentamicin with simple immersion of the 
cornea in these solutions without current. Penetration into 
the anterior chamber after iontophoresis was increased 
by 120 and 200 times, respectively. In another study, ion- 
tophoresis of vidarabine monophosphate was compared 
with topical therapy. 29 Levels measured in cornea and 
aqueous were 4.8 to 17.5 times greater in the iontopho- 
resis-treated eyes. Witzel et al 30 studied iontophoresis of 
antibiotics. Instead of an eyecup, the electrode was placed 
in contact with a cotton pad soaked with the drug and 
placed over closed eyelids. Compared with subconjunc- 
tival injection, iontophoresis delivered superior or equiv- 
alent aqueous levels of streptomycin and neomycin. 

Rootman et al 51 investigated the ability of different to- 
bramycin regimens to eradicate Pseudomonas injected 
into the corneal stroma of rabbits. This study demon- 
strated that two iontophoresis treatments separated by 5 
hours was as effective as half-hourly fortified topical drops 
in reducing the bacterial counts of infected corneas. In 
addition, iontophoresis delivered higher corneal tobra- 
mycin levels than frequent fortified topical therapy. 

In phakic eyes, significant vitreous levels of antibiotic 
could not be achieved by corneal iontophoresis. 32 How-* 
ever, Fishman was able to demonstrate significant vitreous 
levels of gentamicin in aphakic rabbit eyes. 33 This situation 
is clinically relevant since many cases of endophthalmitis 
occur after cataract surgery. 

Although damage associated with corneal iontophoresis 
has been minimal, persistent corneal opacities were re- 
ported with ketoconazole. 34 However, these opacities were 
thought to have been caused by alkaline chemical injury 
to the cornea. 35 In a study by Choi and Lee, 36 corneal 
endothelial cell counts obtained 4 days after corneal ion- 
tophoresis of vancomycin were decreased 8.8%. 

TRANSSCLERAL IONTOPHORESIS 

Briefly, the drug solution is contained in a narrow tube 
within an eyecup held to the conjunctiva by suction. The 
tube is placed over the pars plana to avoid the retina. 
Maximum drug transport occurs when the diameter of 
the probe tip is I mm or less. 37 This technique circumvents 
the lens-iris diaphragm which limits penetration to the 
vitreous during corneal iontophoresis. 

Barza et al 38 measured vitreal levels of cefazolin, gen- 
tamicin, and ticarcillin delivered by transscleral ionto- 
phoresis at various amperages and durations. Levels were 
nearly twice as high with 2.0 mA for 5 minutes than 1 
mA for 10 minutes, suggesting that intensity of the current 
was more important than duration of treatment. Drug 
delivery was not significantly changed by a fourfold de- 
crease in the concentration of the iontophoresis solution. 
However, to maintain the same amperage in the more 
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dilute solution, the voltage level had to be increased. Drug 
delivery did not correlate with the charge on the molecule. 
Levels for ticarcillin and cefazolin were similar although 
they carry a different number of charges. Gentamicin lev- 
els were nearly twice that of ticarcillin although both carry 
two (but opposite) charges. 

Ketoconazole is an imidazole antifungal agent. 
Achieving adequate intraocular concentrations by tradi- 
tional modes of drug delivery has been a problem. Trans- 
scleral iontophoresis of ketoconazole produced higher 
aqueous levels than transcomeal iontophoresis or sub- 
conjunctival injection. 34 None of these methods produced 
significant vitreous levels. 

Because of the potential risks and the need to bring the 
patient to the operating room, physicians may be reluctant 
to perform repeat intravitreal antibiotic injections. In a 
rabbit model of Pseudomonas endophthalmitis, intravi- 
treal injection of gentamicin alone was compared with 
intravitreal injection supplemented with daily transscleral 
iontophoresis of gentamicin for 2 consecutive days. 39 Ion- 
tophoresis-treated eyes had greater reduction in bacterial 
counts, greater percentage of eyes considered sterilized 
(< 10 cfu/ml), and greater concentration of gentamicin in 
the vitreous at the time the animal was killed. 

Histopathologic changes after transscleral iontophoresis 
were confined to a 2-mm diameter area surrounding the 
contact site of the iontophoresis solution on the globe. 39 
Abnormalities including hemorrhagic necrosis, edema, 
and infiltration of polymorphonuclear cells were detected 
in the retina, choroid, and ciliary body. Indirect ophthal- 
moscopy in monkeys, 2 months after receiving three 
transscleral gentamicin iontophoresis treatments, dem- 
onstrated 1- to 2.5-mm burns at the pars plana. 40 No elec- 
troretinographic abnormalities were detected. The damage 
produced by transscleral iontophoresis is probably no 
greater than that produced by a needle inserted through 
the pars plana during vitreous culture. 



PUMPS 



Pumps are small devices that deliver fluid to the eye 
via a tube for extended periods of time. They are usually 
implanted in the subcutaneous space and may not require 
an external power source or battery. The tube is passed 
from the pump to the eye through a subcutaneous tunnel. 
The distal end of the tube can be located in the conjunc- 
tival sac, corneal stroma, anterior chamber, or vitreous 
cavity. 

In two chamber pumps such as the Infusaid (Metal 
Bellows Corporation, Sharon, MA), one chamber contains 
the drug in aqueous solution and the other a charging 
solution. The charging fluid is a fluorocarbon in liquid- 
gas equilibrium that expands at body temperature driving 
the aqueous fluid at a constant flow rate. Rehkopf et al 41 
used a two-chamber pumjS which was implanted in a sub- 
cutaneous pouch in the lumbar region to deliver fluores- 
cein dye to the tear film of rabbits. A silicone tube con- 
nected the pump to a polytetrafluoroethylene tube located 



in the superior fornix. A continuous flow was maintained 
until the experiment was terminated at 6 weeks. The pump 
could be refilled transcutaneously. No extrusion or infec- 
tions were noted. 

The Alzet osmotic minipump (Alzet Pharmaceuticals, 
Palo Alto, CA) is driven by osmotic imbibition of extra- 
cellular water. The pump will deliver fluid for approxi- 
mately 7 days. In a model of Staphylococcus aureus en- 
dophthalmitis in rabbits, treatment with a single intravit- 
real gcntamicin injection was compared with gentamicin 
delivered by an Alzet osmotic minipump implanted sub- 
cuianeously. 42 Five days after initiation of therapy, 80% 
of eyes treated with a single intravitreal injection were 
culture-negative. Only 40% of eyes treated with the mini- 
pump were culture-negative. Both groups were treated 
with 100 *ig of gcniamicin. The drug was delivered as a 
bolus b> a single ituravitrcal injection, whereas the mini- 
pump delivered the antibiotic over 5 days, giving lower 
concentrations at any point in time. 

Cyclosporin delivery by an osmotic minipump was 
studied in a rabbit model of corneal allograft rejection. 43 
Osmotic minipumps were used to deliver cyclosporine in 
olive oil to corneal grafts of experimental rabbits and olive 
oil alone to corneal grafts of control rabbits. An allograft 
reaction developed in only 43% of the cyclosporinc-treated 
grafts, whereas all corneal grafts receiving olive oil without 
cyclosporine rejected. 

Eliason and Maurice 44 used an osmotic minipump to 
deliver fluid through a polyethylene tube into the corneal 
stroma. Corneal edema was noted within I to 2 mm of 
the tube opening, although the tube was well tolerated 
and maintained patency. This system could be used to 
determine the long-term circcts on the cornea of various 
compounds which cannot cross the corneal epithelium. 

Miki el al 45 demonstrated the long-term tolerance of 
the eye to an intraocular cannula that could be attached 
to a pump. The cannula entered the eye through the pars 
plana and then opened into the vitreous. In eyes with the 
cannula in situ for up to 18 months, no retinal detach- 
ment, cpiretinal membranes, or vitreous traction bands 
were noted. Minimal cellular proliferation and inflam- 
mation were noted around the cannulae. 

Pumps have not gained acceptance in clinical oph- 
thalmology. The surgical procedure required for their in- 
sertion and potential problems with infection and extru- 
sion limit their usefulness. However, pumps could prove 
useful in research. The long-term tolerance of ocular 
structures to medications or toxins could be studied with 
a continuous flow of drug into the corneal stroma, anterior 
chamber, or vitreous cavity. Tubes emptying into the 
conjunctival sac could be used for similar studies or for 
bathing a corneal ulcer with a continuous flow of anti- 
biotics. 
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SUMMARY 

MAI, a new hydrophilic implant designed by Refojo for scleral buckling, is soft and elastic 
(thus preventing erosion) and offers versatility in interconvertible degrees of softness. MAI has 
no dead spaces. Its ability to absorb and gradually release antibiotics and to stimulate the 
production of a fibrous capsule around the implant increases safety and minimizes morbidity 
associated with the scleral buckling operation. This review summarizes the works published 
to date on MAI. 



Scleral buckling often is a necessary, efficacious pro- 
cedure for closing retinal breaks in the surgical repair of 
rhegmatogenous retinal detachment. 1 The buckling material, 
however, which is usually placed over tissue injured by 
cryotherapy or diathermy, may hinder repair of the tissue inj ury 
by impeding the free flow of tissue fluid. 2 Silicone sponge, one 
commonly used buckling material, Is not a true sponge but a 
silicone foam rubber with cavities, and macropores on the cut 
surfaces. The intercellular walls are easily ruptured by heat 
sterilization, squeezing, and stretching, 3 resulting in intercon- 
necting spaces within the sponge. These pores and spaces 
absorb body fluid and may harbor organisms. Reported infec- 
tion rates after scleral buckling with silicone sponges have 
ranged from 2.7% to 18.0%. 4 . 5 Extrusion is also a problem. 
With solid silicone rubber, the infection rate is lower, between 
0.2% and 1.4% r 6 .7 but pressure necrosis, erosion, and extru- 
sion can occur. RecentiyrRefojo synthesized MAI, a material 
for scleral buckling, which seems to possess the ideal features 
of an implant material. 8 
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CHEMICAL AND 
PHYSICAL PROPERTIES 

The monomers constituting MAI are 2-hydroxyethyl acry- 
late, methyl acrylate, and ethylene diacrylate. The polymer 
(MAI) is copoly (methyl acrylate-2-hydroxyethyl acrylate) 
cross-linked with ethylene diacrylate. The material is soft, 
elastic, nonabsorbable, hydrophilic but insoluble, micro- 
porous, nonelectrostatic, has smooth surfaces, and can be 
sterilized by heat. 

The hardness of solid silicone rubber is 30 and the hardness 
of silicone sponge is 6, as measured by the Shore Durometer 
type A-2. MAI, when dry (xerogel), is transparent and pliable, 
and has a hardness of 31. At equilibrium (i.e., the* highest 
hydration reached in water or physiological saline), MAI is 
about 16% water. It becomes white, opaque, and softer, with a 
hardness of 15. Higher levels of hydration can be obtained by 
swelling the material in ethanol solution and then placing it in 
water or isotonic saline which elutes the ethanol. MAI changes 
from translucent to opaque as water replaces ethanol, and any 
traces of ethanol remaining in the material are insufficient to 
harm surrounding tissues. At maximum hydration, reached 
after preswelling in 70% ethanol, MAI has a hardness of 6 
(Figure 1). 

SWELLING HYSTERESIS 

The swelling hysteresis shows the implant's versatility. By 
changing the ethanol-water concentration used in pre-sweil- 
ing, we can alter the degree of implant hydration, swelling, and 
softness to meet specific nefeds. 
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MAI HYDROPHILIC IMPLANT 
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The vcZaZcs represent the Shore Durometer hardness of the hydrogel swollen In water. 
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When maximally hydrated after being swollen in 70% eth- 
anol, the MAI is about 76% water, and is five times its original 
dry volume. At 45% water, its volume doubles, and at 16% 
water, it is 1.2 times its original dry volume (Figures 2 & 3). 9 
Thus, if implanted in its dry state, the implant may absorb body 
fluid over time, and a greater buckling effect may result When 
it is implanted at equilibrium hydration (16% water), constant 
buckle size is certain. MAI can also be implanted at hydration 
levels above equilibrium, so that the buckle height will even- 



tually decrease, slowly, after chorioretinal adhesions have 
occurred. 9 

MAI ABSORPTION AND 
RELEASE OF ANTIBIOTICS 

Refojo and his coworkfers«> studied the absorption and 
release of antibiotics by MAI in vivo and in vitro. The implant 
was soaked in one of six antibiotics for one-half or one hour, 
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then placed on agar plates seeded with Escherichia coli or 
Sarcina lutea. The implants were repeatedly placed in agar 
plates and incubated overnight The antimicrobial activity was 
assessed daily by the size of the zone of bacterial inhibition 
compared to zones produced by standard concentrations of 
the antibiotics. 

With methicillin and chloramphenicol, good absorption and 




1 2 3 4 5 

FIGURE 3: Gross picture of MA! hydroget showing difference in size 
from dehydrated state (xerogel) (left) to maximally hydrated state 
(right). (1) xerogel; (2) implant placed in 100% ethanol and then in 
water, (3) placed in 30% ethanol, then water; (4) 50% ethanol, then 
water; (5) 70% ethanol, then water Change in size follows graph 
shown in Figure 7. 



gradual release into the agar were demonstrated. Moderate 
absorption and rapid release occurred with gentamicin and 
polymyxin B. MAI absorbed lincomycin and bacitracin well, but 
their release was quite rapid. 

Only bacitracin, lincomycin, and methicillin were tested in 
vivo in rabbit eyes because of the poor results with gentamicin 
and polymixin sulfate in vitro and the unlikelihood that chlo- 
ramphenicol would be used prophylactically in retinal detach- 
ment surgery Implants soaked in antibiotic solution for one 
hour were placed episcleral^ in rabbit eyes, removed three to 
14 days late* and tested for antimicrobial activity. Results 
mimicked the studies in vitro. Implants soaked in methicillin 
exhibited antibacterial activity even after 14 days of implanta- 
tion. Implants soaked in bacitracin and lincomycin showed 
poor antibacterial activity when they were removed from rabbit 
eyes after only three^tp five days (Figure 4). 

This study showed that micropores of the implant, which 
resist penetration by microorganisms, absorb and retain anti- 
biotics, and tfiat sustained release of antibiotics at the implant 
site is possible. 10 - * < 

ABSENCE OF TOXICITY 

When a small piece of the MAI was implanted in the anterior 
chambers of rabbit eyes and observed for three months, no 
inflammatory changes were demonstrated clinically or histo- 
logically. MAI was also implanted on the episclera of rabbits 
and followed for three months. Again, no clinical or histological 
signs of significant toxicity or inflammation were demon- 
strated. 8 
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MAI HYDROPHILIC IMPLANT 




FIGURE 5: Fibrous capsule around an episcleral MAI implant 
months after surgery on rabbit eye. 




FIGURE 6A: Three months after surgery on rabbit eye with scleral 
dissection, an external capsule with condensation of fibers has 
formed in the area adjacent to the implant (arrows). Fibrovascular 
connective tissue is seen external to it (Masson trichrome, original 
magnification x 160. (Reprinted from Retina 1983; 3:53,55). 




FIGURE 6B: Five months after surgery without scleral dissection, 
episcleral fibrous capsule is seen, with flat histiocytes and fibroblasts 
(arrows). Choroidal compression (CH) is noted (hematoxylin-eosln, 
original magnification x 160) (Reprinted from Retina 1983; 3:53,55). 



FIGURE 6C: Episcleral Implant 18 months after surgery. Note 
aceliular episcleral collagenous tissue (asterisk) next to the lmplant t 
pigment epithelial atrophy (arrow) and hypertrophy with loss of pho- 
toreceptor outer segments (star) (Masson trichrome, original magni- 
fication x 160). (Reprinted from Retina 1983; 3:53,55). 



ANIMAL TRIALS 

Refojo and coworkers used MAI soaked in normal saline as 
episcleral and intrascleral implants in rabbit eyes. Effective 
buckling was achieved, with smooth buckling heights ot 2 to 6 
diopters during the first week of the Implantation, and an 
average of 1.5 diopters after 20 weeks. No sign of infection, 
rejection, or erosion was observed. 8 

Histopathologic examination conducted two to 18 months 
after MAI implantation as a scleral buckle in rabbits suggested 
that the implant material stimulated the formation of a fibrous 
capsule that stabilized the implant and isolated it from the 
episcleral vasculature- The implants showed no gross 
changes in size, color, or consistency. After two to five months, 
the capsule contained a few condensed collagen fibers with 
loose vascular connective tissue external to it. In seven to 11 
months after the implantation, the material was surrounded by 
a moderately thick, aceliular fibrous capsule, 25% to 50% of 
the thickness of the adjacent normal sclera (Figure 5). Eleven 
to 18 months after the buckling, the capsule was very thick 
(more than 50% of the thickness of the normal adjacent 
sclera)" and aceliular, with densely packed collagen fibers 
(Figure 6, Table)." 
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TABLE 

DURATION OF FOLLOW-UP AND CAPSULE THICKNESS 



Time After 




Grade of 




Surgery 




Capsule Thickness* 




(mo) 


1 


2 
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2 


2 
3 
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2 
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2 
1 
2 


1 




7 




1 


1 






1 


1 


11 


1 


1 


2 




1 


1 


2 


18 






2 








2 



'Grade 1, few condensed coltegen fibers adjacent to the implant with 
loose, vascularized connective tissue external to it Grade 2, moder- 
ately thick and poorly cellular fibrous capsule, measuring 25% to 50% 
of adjacent normal scleral thickness. Graded, thick, poorly cellular, and 
densely packed fibrous capsule, measuring over 50% of adjacent 
normal scleral thickness. 



This fibrous capsule secured the Implant in position so that 
the buckling effect could be retained. It also strengthened the 
scleral bed, preventing erosion and making reoperation easy 
and safe. 11 

CLINICAL TRIALS 

Bfty-one cases of uncomplicated rhegmatogenous primary 
retinal detachment were repaired using the MAI implant. 
Cases were followed for six to 18 months. In 25 eyes, MAI was 
used as meridional implant under intrascleral buckles. It was 
the main buckling element in 26 cases, implanted intra- 
sclerally in 15 and episcleral^ in 11. « 

The material was easy to handle during the operations. 
Postoperatively, effective buckle height was obtained and 
maintained, and no excessive inflammation was observed. In 
two cases in which reoperation was necessary, the fibrous 



capsule was smooth and easily separated from the implant. 12 
COMMENTS 

MAI designed by Refojo embraces the features of an ideal 
buckling material: 1) It is as effective a buckling material as 
solid silicone rubber and silicone sponge. 2) Its softness is 
related to its hydration, and its degree of swelling is easily 
changed. 3) It is soft and elastic t thus preventing erosion. 4) It 
has no dead spaces, and its ability to absorb and gradually 
release antibiotics will probably contribute to the reduction of 
infections. 5) It stimulates the production of a fibrous capsule 
around the implant, thus strengthening the scleral bed and 
making reoperation easy and safe. 
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EFFICACY OP DIODEGRABLE MICROSPHERES LOADED WITH GANCICLO- 
VIR DURIN0 CYTOMEGALOVIRUS (CMV) INFECTION ON HS68 MONO- 
LAYERS. Q. Zhu, A. Vcloso, PL, Leong, p. Geary, E. Dunkel, MF. Refojo, 
Sc he pens Eye Research Institute, Harvard Medical Schoo^ Boston, MA 
Purpose: Iniravitrcul ganciclovir fDHPG) is effective in delaying the progression of 
CMV retinitis in patients with AIDS. However, multiple injections are associated with 
an increased risk of endophthalmitis, retinal detachment and vitreous hemorrhage. To 
decrease risk and to provide a longer therapeutic effect, Refojo and Herrero- vnurel! 
(ARVO 1995) developed fatodegranle poly (DL-lactide-co-glycolide) (PLGA) micro- 
Spheres loaded with DHPG. This study evaluated the efficacy of the microspheres to 
treat CMV Infection in Hs68 monolayers. Methods: 300-500um microspheres were 
prepared from 250rag of 0.3°dl/g PLQA and 25mg of DHPO. Six groups of 
microspheres, each group included 1, 0.5, 0.25 end 0,1 mg of microspheres 
respectively, were submerged In DMEM medium separately. Cyiopaihic effects (CPE) 
inhibition assay was performed weekly on Hs68 monolayer onto which CMV was 
inoculated and with which microspheres were co-cultured. The efficacy is presented as 
reduction in CMV CPE compared to non-treated CMV CPE values. Viral quantitation 
inhibition assay was perforraed. After 48-60 hours inhibition co-culture of 
microspheres, the monolayer was harvested and virus was titrated for the quantitation. 
The effect dose values In time course was determined by the quantity of Inhibited viral 
liter. Results: Microspheres had no toxic effect on the Hs68 monolayer. In the first 
two weeks, on all doses of microspheres, CMV CPE was totally inhibited. Prom the 
third to fifth week, CPE reduced 50-86%. By the last week. CPE reduced 47-36% 
compared to nan-treated controls. Virol quantitation inhibition assay indicated that 
ImgAnl of microspheres inhibited more than two digit of virus titer (Turing 6 weeks; 
during the first three week, wns superior to, and in the lost three week, was similar to 
3ug/ml of DHPG for inhibition of CMV titer. Conclusion: Microspheres loaded with 
DHPO provided an effective sustained delivery of DHPG for CMV infection treatment 
in vitro, nnd suggested that I nag/ml of microspheres can be used as the dosage for in 
vivo treatment. Supported by EY00327(MFR), NOI-AI-1S100(ECD) and P(MFR) 
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SUSTAINED DELIVERY OF GANCICLOVIR FROM BIODEGRADABLE 
POLY(OL-LACTIDE-co-GLYCOLIDE) (PLGA) MICROSPHERES 
((M.F.Relajo, and R. Herrer o-vanrrelt)) Schepens Eye Research Institute. 
Department of Ophthalmology. Harvard Medical School, Boston, MA 

Purpose . To develop injectable mlcrospheros of PLGA (or Intraocular 
su stated delivery of oanadovrr In cytomegalovirus retinitis. Mothod, ThfflB 
microsphere preparations were evaluated T1: An emulsion of an aqueous 
eo tut ton of gandctovtr and PLGA in methylene chloride was then emulsified tn 
aqueous polyvinyl alcohol. Solvent evaporation and stirring yielded the 
microspheres. T2: Ganciclovir and PLGA In dimethyl lormamtda emulsified 
In castor oil, sesame oil or silicone oB (SKD) using various emulgents, stirred 
under sotvent evaporation conditions. T3: A dispersion of ganciclovir In 
fluorosfllcone oil (FSlOJ was further dispersed in a PLGA-acetone solution 
end men emulsified m SIO. Pory(dlmethylslloxane ethylene oxlde-co- 
propylene oxide) was the emu! gent. Stirring end sotvent evaporation yielded 
tho microspheres. Results The best ganciclovir loading In (he microspheres 
prepared by T1 was 60% ol theoretical, and the best to vitro ganoicfovir 
release was obtained with the 212-300 tun microspheres of 0.65 dt/g 
viscosity PLGA Ten mg of these microspheres released 0.25 ug/h ganciclovir 
lor 10 days, which Is below the therapeutic range (-0.5-2.8fl itg/h) In human 
eyes, (n T2 the polymer precipitated and yielded negligible amounts of 
microspheres. The best overall drug loading was In mfcrosoheres prepared by 
T3: 90-95% ol theoretical In 300-500 urn microspheres of 0,39 dUg PLGA. 
Ten mg of the microspheres released ganciclovir fri vitro at -0.6 pgm for the 
Initial 25 days, and -0.4 ug/h by the 42th day. Conclusions. T3 resulted In 
higher ganciclovir loading and prolonged the drug releaae compared to the 
microspheres prepared by standard techniques T1 & T2. T3 microspheres are 
under evaluation In an animal model of cytomegalovirus retinitis, 
N1H gram EY-00327 (MFR) and a NATO grant (RH-V). P 
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DEVELOPMENT OF A 1.5 YEAR GANCICLOVIR IMPLANT FOR CMV 
RETINITIS (U. Chen 1 . GJ. Joflc 2 , D.C.S. Yang 1 . J. A Khawly 2 and P Ashton*. 
1 New England Bye Center, Boston MA and 2 Duke Eye Center Durham NQ) 

Purpose: To develop an implantable device giving sustained release of ganciclovir 
(CCV) over 1 J years. Methods. Short rod like pellets of GCV were prepared 
by compressing 30 mg of GCV in a 2 mm tahlet die. Pellets were then coated in a 
solution of 98% hydroly/cd polyvinyl alcohol (PVA). This polymer dries to give a 
tough, noo-crodibic yet permeable coating. The pellets were then partially coated in 
films of the impermeable polymer ethylene vinyl acetate leaving a diffusion "port* to 
allow release. The assembly was then coated In PVA and heal treated to further 
control the release rate. Release rates were determined by immersing pellets in 5 ml 
of phosphate buffer (pH 7.4) and periodically sampling. Release studies were 
continued for up to 60 days with replacement of the receptor solution every 5-6 
days. Analysis was by HPLC Concurrent with the release work, on investigation 
of optimal position of suture strut was performed using human cadaver eyes. 
Rcsolts ,; Release ralo was found to be primarily a function of the size of the 
diffusion port and alterations in the heat treatment or the use of PVA as a binder in 
iho initial tablciing step could provide further Tine' eontrol (a factor of 2-4). 
Optimization allowed devices 10 be prepared releasing GCV at 1 -2 ug/hr over the 60 
day testing period. These devices have a theoretical duration of over 600 days. 
Work with cadaver eyes Indicated that the rod style of device can bo expected to be 
readily implantable in human eyes. Conclusion: Implantable devices releasing 
GCV at 1-2 ug/hrhavc previously been found to effectively control CMV retinitis in 
man with progression occurring In newly diagnosed patients only after device 
depletion (1 ). Because of the Increasing lifespan of patients with AIDS, the 600 day 
Implant described here may represent an advantage over existing systems, 

I) Martin ctal. Arch Ophthalmol. 112:1531-1539(1994). 
Supported by BY 09973 and Research to Prevent Blindness, E (3) 
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BIODEGRADABLE SCLElCTfc IMPLANT FOR INTRAOCULAR 
CONTROLLED DELIVERY OF CORTICOSTEROID 
((N. Kunou 1 . Y. Ogura 1 , M. HashizDe', Y. Hondo' . and Y. Ikada 1 )) 
Department of OphtTmbnology' . and Research Center for Biomedical Engineering 2 , 
Kyoto University, Kyoto, Japan 

Ptimo.sc. The authors evaluated the feasibility of pcdy<D,Utacrkle^ElyeoUde) 
(PLGA) scleral implant as long-term intraocular controlled delivery of 
betamethasone sodium phosphate (HP) for the treatment of chronic uveitis. 
M<ifinris. The scleral implants containing BP were mode of PLQA (ratio: 85/15, 
MW: 86000). The implants were prepared by compression molding of the 
homogeneous BP/polymcr mixtures pre-treated whh freeze-drying of BP/polyrocr 
rotation. The 10 and 25% BP- loaded Implants were prepared and investigated as 
follows. The release of BP from the implants were evaluated in 0.1M phosphate 
buffer solution at 37 *C. The devices were implanted at pars plana in pigmented 
rabbits eyes. BP concentrations In the aqueous humor, vitreous and rettna/chorald 
were determined by HPLC Toxicity was evaluated by scotoplc ERGi. 
RmhIIs. Diphasic release patterns were observed In In vitro release lest and BP 
was released over one month. After initial bunt* die drug was released more i lowly. 
BP concentrations in die rttlna/chortd after Implantation of both 10 and 25* 
loading were rniunialned In the range of effective concentrations suppressing 
inflammation processes over one month. On the other hand, BP In the aqueous 
humor was below detection limits. BP release from the Implants in the eyes wu 
correlated with that in vitro. BP release was completed before beginning of PLGA 
weight loss in (he eyes and dependent on water uptake into the implants. No toxic 
reactions were not observed. 

Cnnclwlom. Our findings suggested that tho PLQA scleral implant may be ft 
promising device for the controlled intraocular delivery of BP. 
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OCULAR COULOMB CONTROLLE0 IONTOPHORESIS (OCCI) 
((t. Nose 1 . J-M. PareM.W, w. Lee*. F. CohenS. Y. DeKosaca C. Rowaan 1 , 
A. Paldano 12 , V. JaUet 1 - 2 , P. SOderberg 1 , J. Davis*)) Bascom Palmer Eye 
Institute 1 and Dept of Biomedical Engineering, University of Miami. FL 2 ; 
University ol Paris H6tel Dieu Hospital and INSERM U86 & 112, France 3 . 

Purpose Develop and test an ocular drug transfer system (OCCI) baaed 
on Coulomb's laws to obtain reliable Intraocular drug concent ration In a 
short lime while avokfing tissue damage. Methods. A programmable 3 
microcomputer chips electronic system was designed to produce an 
equlpotentlal electrical Held with a continuously monitored adjustable 
constant direct current source connected to 2 electrodes. The active 
ocular electrode has a constant liquid surface and a drug reservoir 
connected to 2 syringes containing the drug solution and a partial 
vacuum. A very tow Impedance return electrode Is used. Transcomeal, 
transscteral and t ran acorn eoscleral OCCts were made lor 
experimentation In rabbits and rats. The drug solutions were modified for 
optimal lontophorellc transfer, fiflsjilla. No extra- or Intraocular tissues 
damage was detected clinically or by light microscopy. A i0,O8C/cmZ 
transcomeal transfer of plmarioln produced 3 MMC In 4mln. A asoOpg/ml 
Dl-hemaloporphyrtnether Intracomeal concentration was obtained tor 
PDT treatment of acanthamoeba Infections. Higher Intravltreal 
concentration of fluorescein and dexamethasone were obtained. 
Conclusion . This pilot study demonstrates OCCI's safety and 
effectiveness with 4 drugs. Ganciclovir and other drugs are under study. 
PharmacoWnetica and TEM analyses and extended tn vivo studies are 
necessary before using OCCI In clinical trials. 

Supported by tfw Florida Uons Eye Bark Warn Vatorans Admtnts/mion Hospttatand 
Rososrch to Prevent BBndnass, New York, NY. None. 
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A METHOD FOR CHRONIC DRUG INFUSION 
INTO THE EYE 

Koichiro MIKI, Hiroshi OHKUMA and Stephen J. RYAN 

Summary: A method was established for chronic drug delivery into the vitreous of the 
rabbit eye. A cannula was inserted into the eye through the pars plana. A silicone plate 
controlled the intraocular location of the tip of the cannula; this plate also served as an 
anchor plate to the sclera. The distal end of the cannula was attached via a larger diame- 
ter silicone tubing to an implanted osmotic mini-pump. Cannulas remained patent and 
there was almost no evidence of ocular trauma after one year follow-up. This method thus 
has a potential use for experimental studies involving chronic application of drugs. 
Key Words: Rabbit, intraocular implantation, silicone tube, osmotic pump 

Introduction 

Drug infusion into the eye is often required in experimental ocular studies. Injection 
through the pars plana is the usual route of administration 1 - 3 - 4 ' 7 - 8 . However, continuous infusion 
is desirable to maintain a high level of drug concentrations. Previous investigators 5 * 6 have 
utilized a continuous intraocular infusion system using am osmotically driven mini-pump. How- 
ever, the methodology of cannula implantation and its ocular effects were not described in de- 
tail. 

In this paper we describe the surgical technique of intraocular implantation of a long-term 
indwelling cannula. Pathological findings in the cannulated eyes will be reported in a subse- 
quent paper. 

Materials and Methods 

1 . Implants 

The cannula consisted of approximately 50 mm of silicone tubing (silastic tubing No. 602- 
105, Dow-Corning), chosen because of its softness and pliability 9 . The intraocular portion of the 
tubing (approximately 7.5mm in length) was angled at 135 degrees to the extraocular portion 
(Figure 1 A). This directed the tip toward the posterior fundus of the rabbit eye. A 7 mm silicone 
plate fixed the angle and allowed an accurate fixation of the cannula to the sclera. In five 
animals, the extraocular end of the cannula was connected by an external silicone tubing 
(silastic tubing No. 602-155, Dow-Corning) to an Alzet osmotic mini-pump (Model 2001 or 
2002, Alza Corp, Stanford, CA) (Figures 1 A and B), 

2 . Experimental procedures 

Fifty-six adult pigmented rabbits weighing 2 to 3 kg were used. Animals were anesthetized 

Received; January 18, 1984 
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Figure lA. High magnification of intraocular cannula and attachment plate. Each division repre- 
sents 1 mm. Intraocular portion of cannula is fixed by plate at 135-degrcc angle to extra- 
ocular portion of tubing. 
B . Chronic drug delivery system 

a. intraocular portion 

b. plate 

c. connecting tubing 

d. pump 



with a mixture of ketamine hydrochloride, 20mg per kg, and xylazine hydrochloride, lOmg per 
kg, injected intramuscularly. The eyes were dilated with 1% tropicamide. A skin incision was 
made in the upper orbital edge with a number 11 Bard-Parker blade and the upper orbital sep- 
tum was opened at its base. A conjunctival flap was turned anteriorly to the upper limbus and 
the eye was stabilized with a 4-0 silk bridle suture on the superior rectus muscle. After cau- 
terizing the bleeding points in the wound, a one mm radial scleral incision was made with a 
number 11 Bard-Parker blade one mm posterior to the limbus and two mm temporal to the 
superior rectus muscle . Prior to insertion of the cannula, the choroid and the dense vitreous were 
cut with a 22-gauge needle, which was guided to the middle of the vitreous cavity without touch- 
ing the lens, thereby creating a track for the cannula. 

A small amount of vitreous was lost from the scleral wound when the needle was removed 
from the eye. Speedy introduction of the cannula minimized additional vitreous loss. The can- 
nula was advanced under funduscopic control until its tip reached the posterior vitreous, close to 
but not touching the retina (Figure 2). The cannula plate was then firmly fastened to the sclera 
by 9-0 nylon sutures to prevent withdrawal from the vitreous cavity pr retinal contact. The 
Tenon's capsule was drawn over the plate and sutured with the 9-0 nylon sutures. The external 
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end of the cannula was carried through the opened orbital septum and through the skin wound. 
The orbital septum was then closed with 9-0 nylon sutures. The skin wound was closed by 4-0 silk 
sutures. The external end of the cannula was knotted to prevent invasion by wound-healing 
tissue or foreign organisms, and anchored to the skin by 4-0 silk sutures. 

In five animals, 1-2 months after the implantation, 10 jul of sodium fluorescein in balanced 
salt solution (1:150) was injected into the eye through the cannula to demonstrate its patency. 
The intraocular portion of the cannula was inspected for the appearance of the dye with the 
ophthalmoscope and/or documented by a Zeiss fundus camera. In another five animals, a mini- 
pump filled with diluted fluorescein was attached to the external end of the cannula and placed 
beneath the forehead skin at the time of cannulation. 
3. Postoperative management and course 

Following implantation, 1 % atropine sulfate ointment and bacitracin-ncomycin-polymyxin 
ointment were applied daily for three days. At the same time, intramuscular gentamicin sulfate 
(20 mg) and methicillin sodium (250 mg) were given. The eyes were examined periodically with 
the indirect ophthalmoscope and slit-lamp biomicroscope. Fundus photographs were also taken. 
The intraocular pressure was measured by Schiotz tonometry on 16 rabbits at various times from 
one week to one year after implantation. 



Table 1 , Observation period in 32 eyes with successful implantation 



Number of eyes 


Period 




10 


1- 4 weeks 




3 


1- 2 months 




4 


2- 3 months 




5 


3- 6 months 




10 


6-12 months 


• 
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Results ~* 
Successful implantation was obtained in 32 of the 56 eyes. Table 1 shows the duration of ob- 
servation following the 32 implantations. 




Figure 3. Anterior segment immediately after sur- 
gery. Slight irritation is visible around cannula 
plate (indicated by arrow). 
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l ' nSnJthe U fi«t week after implantation, all eyes exhibited moderat<r*ritation of the ante- 
• ™^ a very slight iritis and mild scleral inflammation around the site where the can- 
:l S rve was .oca t ed y and conjunctival injection, particularly over the cannula plate A po, 
T olThe cannula plate was visible through the conjunctiva (Figure 3). At least two weeks were 
change in the anterior segment to subside, after which all eyes remained 
ent. Immediately after the operation, a small vitreous hemorrhage around the basal part 
o ^ the cannula occurred in eleven eyes. No additional vitreous hemorrhage was noted through- 
ou tL Postoperative course . The cannula tip in each eye appeared clear, and was located in the 
2 terior vitreous just anterior to the optic disk (Figure 4). The d^erence m mtraocular pressure 
between the implanted and the fellow eye was within 0.6 mm Hg and remained stable dunng the 
follow-up. 






Figure 5. Diluted sodium fluorescein, injected through cannula, is visible in vitreous (*) as well as in 
cannula (double arrows). 

Table 2. Complications in 24 unsuccessfully cannulated eyes 



Type of complication 



Number of eyes 



Time of occurrence 



Infection 

Implant extrusion 
Lens damage 

Retina] touching and tearing 
Traction retinal detachment 



6 
6 
3 
5 
4 



1-15 weeks after implantation 

1-11 weeks after implantation 

Intraoperative 

Intraoperative ^ 

5-25 weeks after implantation 
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2 . Cannula pat ency 

One to three months after the implantation, diluted fluorescein w«fr injected by micro- 
syringe into the external end of the cannula in five rabbits. Fluorescein diffused immediately into 
the vitreous (Figure 5), proving patency. The five eyes with the mini-pumps containing fluores- 
cein also demonstrated cannula patency. The details about the function of this system will be 
presented in a subsequent report. 

3. Complications 

Complications which rendered 24 of the 56 implantations unsuccessful are summarized in 
Table 2. During the development of our method, the main causes of failure were conjunctival 
tearing over the cannula plate, which may have enhanced the risk of invasion of organisms from 
the conjunctiva, and a gap between the plate and the sclera, both of which were followed by 
slippage and rejection of the cannula. 

Lens opacities occurred when the cannula tip scratched the lens capsule. Retinal damage 
occurred when the cannula touched the retina due to excessive pressure on the plate or too much 
maneuvering of the cannula during implantation. These problems were avoided with experi- 
ence. In some animals a strand was seen between the wound and the surface of the retina along 
the cannula. The strand selectively involved the area of the optic disk and the medullary rays 
and caused focal traction retinal detachment. This complication resulted from the medullary 
rays being touched by an excessively long cannula during the insertion. Also, if the angle of the 
tubing were too acute, constant contact of the cannula tip with the retina could occur. Moderate 
vitreous hemorrhage or chronic inflammation also contributed to the development of fibrovascu- 
lar traction bands. In later experiments, the length of the cannula was reduced from 9mm to 
7,5 mm and the angle to the sleeve was set at 135 degrees; this prevented these complications. 

Discussion 

In our initial studies, 20 of 38 eyes developed various complications. The problems experi- 
enced were eventually eliminated by refinement of the surgical techniques. After the evolution of 
a standard approach and methodology, and with the acquisition of improved surgical skills, only 
4 of 18 eyes developed complications. At present, the implantation technique, properly per- 
formed, does not appear to adversely affect the eye. It is important to emphasize that strand 
formation between the cannula and the retina, which routinely results in traction retinal detach- 
ment, developed 1 *! only 4 eyes operated on early in the experiment. It has not been a problem 
since the procedure has been perfected. This complication occurred typically between the 5th 
and 23rd week after implantation, when chronic eye inflammation or moderate vitreous hemor- 
rhage occurred 2 * 10 . 

In conclusion, the present study is a first step in the development of an intraocular chronic 
drug delivery system in the rabbit. The results indicate that most of the eyes were resilient 
enough to withstand the implantation, although studies of ocular histopathology will be needed 
before it is possible to exclude subtle changes caused by cannulation. It is hoped that this im- 
plantation technique will offer a convenient tool for future studies involving the treatment and 
pharmacologic manipulation of various intraocular conditions, such as massive periretinal pro- 
liferation and subretinal neovascularization . 
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